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Preface 


This manual provides jnaeructional and reference ma- 
terial for input-output (1-0) operations of the 1m 1411 
Processing Unit. The manual contains five logical seg- 
ments. 


1. “1-o Principles of Operation” presents basic con- | 
cepts of data flow, data control, and channel status | 


ce 
“Channel Data Register Controls” presents regis- 
aa opeeion as a functional unit because operation is 
the same for all 1-0 devices. 
3. “1-0 Sequence” presents the machine logic high- 
lights of a move or load command. 

4, Specific 13m 1411 1-0 operations — this manual 
describes 1411 functions, and tie-in for the following 
IBM I-O devices (Page 85). 

1402 Card Read Punch 
1403 Printer 

1011 Paper Tape Reader 
. 1405 Disk Storage Unit 
1311 Disk Storage Unit 

5 The “Reference Section” in the back of the manual 
contains status indicator charts and condensed logic. 

This manual does not cover operation of the 1-0 
devices; refer to the appropriate manual for the I-o 
devices. 


ao oP 


fe) 


1411 functions for devices not listed above are pre- 


sented in the manual for that device. A list of 18m 
1410 system manuals is in the IBM 1410 Customer En- 
gineering Handbook, Form 223-2588, and in 1m 1410 
cEM Service Aid 72. | 

Users of this manual should be familiar with the 
information presented in IBM 1410 Systems Funda- 
mentals, Form 223-2589. 


‘Copies of this and other 18m publications can be obtained through 1BM Branch Offices. 
Address comments concerning the contents of this publication to: 
IBM Corporation, Customer Engineering Manuals, Dept. B96, PO Box 390, Poughkeepsie, N. Y. 


©1963 by International Business Machines Corporation 
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Input-output principles apply to all input-output (1-0) 
devices of the IBM 1410 Data Processing System. The 
basic 1-o move or load command (M/1L xxx BBBBB d) is 
used with all 1-0 devices. Disk storage devices (18M 
1301, 13m 1311, and 18m 1405) operate similarly to other 
1-0 devices except that an address transfer operation 
precedes the transfer of data to the disk unit. 

I-O commands control data transfer between an I-o 
device and the 18m 1411 Processing Unit (cpu). Data 


’ transfer from an 1-0 device to the crv is called input 


operation. Data transfer from the cpu to an 1-0 device 
is called output operation. Some special 1-o commands 


do not transfer data; instead they control 1-o unit 


functions such as paper feeding (printer) and stacker 
pocket selection (reader). These document control 
commands for card 1-0 units, and unit control com- 
mands for tape units, are described in the section for 
the 1-o device using that command. 


Input-Output Units 


A number of 1-0 units are available as attachments to 
the 18m 1410 Data Processing System (Figures 1 and 
2). 1-0 units are described in IBM 1410 Principles of 
Operation, Form A22-0526, and IBM Telecommuni- 
cations Equipment with IBM 1410 System, Form 
A22-0525. The 1-0 units share the same basic instruc- 
tion word and the same basic data flow path. 


Input-Output Synchronizers 


Because the 1-0 units and the cpu operate at different 
speeds, most 1-0 units have a synchronizer unit that 
controls data transfer between the 1-o unit and the 
cpu, and supervises operation of the 1-o unit. Synchro- 


nizers provide temporary storage for data being trans- 


ferred between the 1-0 unit and the cpu. Synchronizers, 
then, provide buffer storage for input-output data. 
Some synchronizers have only a single-character buf- 
fer, while others, such as the synchronizer for the 1M 
1402 Card Read Punch, have 80-position core storage 
buffers. The term buffer as used in this manual refers 
to a synchronizer core storage unit with 80 or more 
positions of storage. | 7 


The buffering of 1-0 units fediiees CPU waiting time | 


during transfer of data between the cpu and a rela- 


tively slow 1-o unit; for example, compare the data 
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Figure 1. Input-Output Units and Synchronizers 


transfer times of unbuffered versus buffered 1mm 1402 
operation. If data were transfered from the 1402 reader 
directly to the cru, a total of 75,000 microseconds 
(card feed cycle) would be required to read one card 
and transmit the data to the cpu. If the card data are © 
first loaded into the synchronizer buffer, the time re- 


quired to transmit 80 characters from the buffer to the 


cpu is only 880 microseconds because data are trans- 
ferred at an 11-microsecond rate (Figure 3). The 1m 
1410 system employs buffered operation for the 13M 
1402 Card Reader Punch and the 18m 1403 Printer. 
For the 1410 to benefit from input unit buffering, the 
interval between read commands must be long enough 
to permit the input unit to reload the buffer. The cru 


is free to process data during the interval. For the 


1410 to benefit from output unit buffering, the interval 
between write commands must be long enough to © 
permit the output unit to unload the buffer. The cru 


is free to process data during the interval. 
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Copies of this and other !BM publications can be obtained through 
IBM branch offices. Address comments concerning the content of 
this publication to: IBM Corporation, Customer Manuals, Dept. B98, 
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-% 3586 if on Data Channel 2 
= 7830 Tape Switching Feature reqd on any 729 to be switched by 7155. 
t 1008 for Model 1, 1009 for Model 2. Max of 2 additional access arms 
per 1405 and 12 access arms per system. 
9 Can mix 1301 and.1302 on same channel. Can mix 1301 and 1302 
with 1311 if 1311 on different channel. Cannot mix 1405 with 1301, 
1302, or 1311 on system. 
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Instruction Read-Out 
50 usec 


Transfer Data From Buffer to CPU 
880 usec 


Reload Buffer with Data From Next.Card One Card-Feed Cycle 
| 75,000 usec 


- is Free to Process Data While the Buffer is Being Reloaded 


If the Reader Were Not Buffered, 75,000 usec of CPU Time 


Would be Required for Data Transfer 


Figure 3. Buffered Reader Operation 


Input-Output Channels 


An 1-0 channel consists of input and output data lines, 
channel data registers 1 and 2, and control lines be- 
tween the cpu and the 1-0 devices. Channel 1 (E-chan- 
nel) is a standard feature on the 18m 1410. Channel 2 
(F-channel) is an optional feature. Each channel has 
two eight-bit, single character channel data registers 
that provide buffering for overlap operation, and wm- 
ws conversion for data transfer operations with 1-0 
devices that cannot handle word marks. Because the 


| kW | Input Data Flow via E-Channel from File 


VLLLLLLLLLD Output Data Flow via F-Channel to Tape 


two channels operate the same, only E-channel opera- 
tion is described. 7 


Data Flow 


Channels 1 and 2 are capable of input and output op- 


eration, but not at the same time. Figure 4 shows input | 
data flow on E-channel and output data flow on F-- 
channel. Note that data transfer on input or output is 
always from data register 1 into data register 2 thus 
permitting the same register transfer controls to be 
used for both input and output operation. The process- 
ing overlap feature, described later, permits both 
channels to operate while the cpu is processing data. 
Input: During E-channel input operation, the input 
data lines carry information from the 1-0 unit to E- 
channel data register 1 (E-1). Data in E-1 are trans- 


ferred to E-channel data register 2 (E-2), gated to 


A-channel, assembly channel, and into the core stor- 
age of the 18m 1411. Input data are checked for odd 
parity on A-channel and the assembly channel; F- 
channel input operation is similar. 

Output: During an F-channel output operation, in- ~ 
formation is read out of the core storage of the 1mm 
1411; gated to the B-channel, assembly channel, and 
into F-1; information appears on the output data lines 
after an F-1 to F-2 data transfer. Output data are 
checked for odd parity on B-channel and the assembly 
channel; E-channel output operation is similar. 


E-Channel 


B Channe 


Note: 
A channel is capable of both input and output operation 
For illustration, however, this figure shows input on E 

channel and output on F channel 


Assembly 


Figure 4. I-O Data Flow 
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Data Transmission 


An 1-0 instruction controlling data transfer must specify 
one of two modes of transmission: load mode or move 
mode. Load mode operation processes word marks 
and word separator characters. Move mode operation 
ignores word marks; word separator characters are 
transferred the same as any binary coded decimal 


(Bop) character (Figure 5). 
INPUT 


Card at Reader 


CPU Core Storage 


ODO@@OOOO 


= Word Mark 


CY = Word Separator 


Figure 5. Word Separator Processing 
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EIGHT-BIT DEVICES 


The core storage of the 1BM 141] is an eight-bit device 
because it can write a word mark (wm), along with 
a BCD character, into a single core storage location. A 
Bcp character with a wm is called a wm character. 
The data registers and data buses of the 1411 also can 
handle eight-bit characters. The wm bit is included in 
the character bit count, and odd parity is maintained. 

The 18m 1415 Console and the disk storage units 
(1BM 1301, 1BM 1311, and 1Bm 1405) are eight-bit de- 


Existing Word Marks In Core Storage Are Not Disturbed 


SOOSS OE 


CPU Core Storage 


Existing Word Marks Are Erased 


DOOOO0O0O0. 


OUTPUT 


Cards at . 
Punch 
Station 


on 


vices and hence can handle word mark characters. 
All other 1-0 units are seven-bit devices and can handle 
only seven-bit characters. © | | 


SEVEN-BIT DEVICES 


All 1-0 units except the disk storage units are seven-bit 


~ devices. They cannot handle word mark characters; 


for example, the 1402 reader is a.seven-bit device be- 
cause a WM-A (A) that requires only a single core 


storage location in the 1411 requires two locations 
(card columns) when represented in the 1Bm card 


code. One column contains the card code representa- 
tion of the word mark called a word separator char- 
acter (0, 5, 8), and the following column contains the 
card code representation of the A (12, 1). 


MOVE MODE 


Word marks are ignored in move mode operation. 
Characters are transferred on a one-for-one basis; a 
single input character results in a single 1411 core 
storage character, and a single 1411 core storage char- 
acter results in a single output character. 

Input: During move mode data transmission (Fig- 
ure 6), punched card information from the 1402 reader 
is encoded into Bcp as it is being read into the 1414 
buffer, and the information is transferred, unchanged, 
to core storage. Existing word marks in core storage 
are retained. 

Output: Only zone and numeric portions of char- 
acters are transferred to the buffer of the 1mm 1414 
Input/Output Synchronizer (Figure 7). The assembly 
controls invert the C-bit and ignore the word mark of 
B-channel wm characters, removing the word mark, 
and maintaining odd parity of characters placed on the 
assembly channel. Characters on the assembly channel 
are gated into the channel registers. The scp informa- 
tion in the 1414 buffer is decoded into Bm card code 
as it is being punched. 


LOAD MODE 


Word marks are transmitted along with the associated 
Bcp characters. Characters are transferred on a one- 
for-one basis between the cpu and eight-bit devices. 
Characters transferred between the cpu and seven-bit 
devices require special handling if they are wm char- 
acters or ws characters. During input operation with a 
seven-bit device, ws characters are converted to word 
marks; during output operation, word marks are con- 
verted to ws characters. Conversion occurs within the 


channel data registers. Characters other than ws char- 
acters or wM characters are transferred on a one-for- 


one basis. A description of load mode channel opera- 
tion for seven-bit 1-0 devices follows. 

_ Input: Word separator characters are converted into 
word marks, combined with the following character, 


and the resultant wm character is transferred to the 


1411 core storage (Figure 6). Exception: two consecu- 


tive word separator characters result in a single word 
separator character with no word mark (CG, A, 8, 4, 1) 
being transferred to 1411 core storage. A wM-ws char- 
acter (WM, A, 8, 4, 1) cannot be read into the cpu 
from a seven-bit 1-0 device. 


Output: wm characters are transmitted to the 1-0 
device as two characters. The first character is a ws 
character representing the word mark; the second 
character is the Bcp portion of the wm character. Ex- 
ception: one ws character in 1411 core storage results 
in two ws.characters being transferred to the 1-0 de- 
vice. A word mark over a ws character (Figure 7 — 
note circled wm) has no effect on the output character. 
A ws character, with or without a word mark, results 
in two word separator characters being transferred to 
the 1-0 device. 


Channel Data Registers 


The 1411 has two eight-bit, single-character channel 
data registers for each channel; E-1 and E-2 registers 
for E-channel and F-1 and F-2 registers for F-channel. 
The registers provide two-character buffering (neces- 
sary for overlap operation), wM-ws conversion for 
seven-bit 1-o units, and parity correction during wM- 


ws conversion. Parity inversion for even parity tape 


operation is made on the data lines entering and 
leaving the channel data registers. 


Because operation on both channels is the same, 
only E-1 and E-2 functions are described here. During 
input operation the cpu tries to keep E-1 and E-2 
empty, and during output to keep E-1 and E-2 full. 
The channel data registers are never reset; a set pulse 
enters a character into the register, replacing the exist- 
ing character. Actual circuit operation is described 
in the Channel Data Register Controls section. 


MOVE MODE CHARACTER PROCESSING 


All E-channel data, input or output, is first set into E-1, 


is transferred to E-2, and appears on the channel data 
lines. The data are then available to A-channel (input ) 
or to the 1-0 devices (output). Load mode operation 
with eight-bit 1-o devices and any move mode opera- 
tion employ a simple E-1 to E-2 data transfer operation 
(Figure 8) controlled by two lines: 

Copy E-1 scp to E-2 

Copy E-1 wm and C-bit 
The copy lines determine what information is trans- 
ferred when the set pulse occurs. Set pulses are gen- 
erated from the cpu clock, which runs continuously 
unless the cpu is in stop status. The cpu logic ring, 
however, runs only when a cpu 1-0 data cycle is re- 


quired (unoverlapped operation ). 
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Figure 7. Data Transmission — Output — 


Case 1 — 
Characters are copied the same as in move mode. 
Case 2— 
a. A ws in E-1 sets a ws into E-2 (the ws in E-2 
serves no purpose during input operation). — 
b. The sep portion of the following character is 
copied from E-1 into E-2. 
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c. The E-1 wm and C-bit lines (no wn is present ) 
are inverted and copied into E-2, producing 
an odd parity wm character in E-2 that is 
transferred to 1411 core storage. Note that 
steps b and c replace the ws character in E-2 
before the contents of E-2 are transferred to 
1411 core storage 
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Figure 10, Channel Status Indicators 
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Case 3 — 
a. A ws in E-l sets a ws into E-2 (the ws in E-2 
serves no purpose during input operation). 
b. The scp portion of the following character is 
copied from E-1 into E-2. 


c. The E-1 wm and C bit (no wm present) are 


copied into E-2, producing an odd parity char- 


acter that is transferred to 1411 core storage. 


Note that steps b and c replaced the first ws 
character in E-2 with the second ws character 
before the contents of E-2 were transferred to 
1411 core storage. (two ws characters were 
combined into- one). 


Output: One of four cases exists during output: 
1. E-1 character is not a ws or wm character. 
2. E-1 character is a wm character. 
3. E-1 character is a ws character. 
4, E-1 character is a wM-ws character. 
Case 1— 
Characters are copied as in move mode. 
Case 2— 

“a. A wm in E-l sets a ws into E-2. No further 
register operation occurs until the ws is re- 
ceived by the output unit. 

b. The Bop portion of the wm character is copied 
from E-1 to E-2. 
c. The wm and C-bit lines are inverted and 


copied from E-1 into E-2, removing the wM 


and maintaining ~ parity. 
Case 3— 
a. A’ws in E-1 sets a ws into E-2. No further 
register operation occurs until the ws is re- 
ceived by the output unit. 


b. The scp portion of the ws character is copied. 


from E-1 into E-2. 

c. The wm and C-bit (no wm present) : are copied 
from E-1 into E-2, producing another ws char- 
acter in E-2 from the single ws character in E-1. 


Case 4— 
A wm-ws character in E-1 is processed the same 
way as a ws character except the wm and C-bit 
lines are inverted when copied from E-1 into E-2, 
removing the wm and maintaining odd parity. 


Channel Status Indicators 


Each 1-0 channel has six status indicators (latches), 
with console indicating lamps, that reveal information 
about the previous operation on that channel (Figures 
9 and 10). The six indicators can be interrogated at 
any time by the program. All 1-o units on a channel 
are served by the same six channel status indicators, 
although some units, such as the 18m 1403 Printer, 


do not use all six indicators. Because operation is the — 
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same for both channels, only F- channel | ‘status indi- 
cator operation is described. ? -— 

cas basic 1-0 command Brovides three distinct func- 
I, Sélecting 

a. Selects I-O o channel 

b. Selects1-o unit . | 

c. Selects mode of transmission (move o or Toad) 

d. Selects input or output © eo. 

e. Selects overlap or LROVEHIAD 
2. Sensing | 

a. Senses status of 1-0 ‘devices: 

b. Senses status (or validity) of data transfers 
3. Executing oats 

An 1-0 unit is selected ‘and ‘etiged (its status is 


sampled; if the 1-0 unit indicates proper status, CPU 
executes the 1-0 command. 


When an 1-0 unit is sensed, channel status inilieators 
are set to “remember” the status of the selected unit. 

Early in the I-phase of an 1-0 operation, the six status 
latches are reset. Twice during an 1-0 operation, the 
latches are set by sampling selected conditions; they 
retain this information until another 1-o operation 
occurs on that channel. The conditions selected for 
sampling are determined by the type of 1-0 unit selected 
and by the direction of data flow (input or output). 
Because of this selective method of setting the status 
latches, only a general description of status latch op- 
eration can be given here. For specific information on 
conditions that set the status latches, refer to the status 
indicator charts and the condensed logic in the ref- 
erence section of this manual. 

The status latches must be interrogated by the pro- 
gram between 1-0 operations because their information 


is lost when the latches reset during the next 1-0 opera- | 


tion. A failure of the program to interrogate the status 
latches is detected by an automatic test within the 
cpu, resulting in a system check that causes a master 
error to stop the cru with the 1-0 interlock indicator 
glowing in the system check section of the 1m 1415 
Console (Figure 9). Examples of 1-o programming se- 
quences are given in a following: section which de- 
scribes the 1-0 interlock check, 

Status latches are set at only two times during an I-O 
operation, either at the end of I-phase or at the end 
of E-phase. A-status indicators are set at the end of 


_I-phase (status sample A); B-status. indicators are set 


at the end of E-phase (status sample B). These indi- 


cators are set conditionally; that is, only when the 


selected conditions are present at status sample time. 
Figure 10 shows the six channel status indicators 
grouped in their most common arrangement. Note that 
the condition indicator and the no transfer indicator 


- may be either A-status or B-status indicators, depend- 
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ing on the 1-0 operation. The selected conditions repre- 
sented by the condition and the no transfer indicators 


vary according to the type of 1-o unit selected and — 
according to the direction of data flow, input or out-— 


put. In the following description, the condition and no 
transfer indicator functions are briefly described for 
the 1402 reader operation. The four remaining status 
latches: not ready, busy, data check, and wrong length 
record, represent much the same conditions for all 
I-O operations. | 


A-STATUS INDICATORS (1I-PHASE INDICATORS ) 


A-status latches are set at status sample A time (end of 


I-phase ), and they indicate the status of the selected 
unit, in contrast to the B-status latches which indicate 


the status of the data transfer operation. If any status 


latch is on at the end of I-phase, the operation is ended 


(no E-phase) and the program proceeds to the next 
sequential instruction (Figure 10). | 


Not Ready: The ready line from the -selected 1-0 
device is gated to the channel ready.bus. If the ready 
line is active, the ready bus becomes active, blocking 


the set of the channel not ready status latched. 


Busy: The busy line from the selected 1-0 device is 
gated to the channel busy bus. With both the busy 
bus and the ready bus active, status sample A turns 
on the channel busy status latch. 


Condition: The condition status latch is an A-status 
indicator for all channel operations that transfer data 
between the cpu and the 1m 1414, Models 3, 4, 5, and 
8. In 1402 reader operation, for example, reader end- 
of-file status is gated to the channel condition bus. 
With the condition bus and the ready bus both active, 
the condition status latch is turned on at status sample 
A time. 


B-STATUS INDICATORS ( E-PHASE INDICATORS ) 


B-status latches are set at status sample B time (end of 
E-phase), and they indicate the status of the data 
transfer operation. In contrast to the A-status indi- 
cators, they have no effect on subsequent cru opera- 
tion except through a programmed branch as a result 
of interrogating the status indicators. 

Data Check: A data error, and in some cases a control 
circuit error, from.an 1-0 device is gated to the channel 
check bus, gating the set of the channel check status 
latch at status sample B time. During input operation, 


a parity error character on the A-channel sets the check 


status latch immediately because the error condition 


is gone when the check bus is sampled at status sample 


B time. 


An asterisk insert switch on the 1415 ce panel is 
available to the operator or Customer Engineer for use 


in handling parity error input characters during input — 


operation. With the asterisk insert switch off, a parity 
error input character detected on the A-channel causes 
a master error which stops the cpu. With the asterisk 
insert switch on, a parity error input character detected 
on the A-channel causes an asterisk to be stored in 
place of the error character. Master error is blocked and 
the operation continues. The channel check status 
latch is always turned on by a parity error input char- 


~ acter on the A-channel, regardless of the setting of the 


asterisk insert switch. 


Parity error characters can be read into core storage 
by switching asterisk insert switch to off, switching 
the print out control switch to inumBIT, and turning the 
check control switch to RESTART. 


Wrong Length Record: Input and output field 
lengths in 1411 core storage are controlled by a cm- 
won character in the 1411 core storage location follow- 
ing the last position of the field. The cM-wo is placed 
in the input or output field by programming or by the 
console operator. When the cm-wo is sensed during 
input or output operation, an internal end of transfer 
condition occurs which terminates transfer of data 
between 1411 core storage and the channel data reg- 
isters. If no cm-wm is placed in an input or output field, 
a wrong length record indication occurs during 1-0 
operations using those fields. 

The wrong rong record ( WLR ) status nae operates 
as follows: 


1. Input operation: The number of input characters 


must correspond to the number of positions in the input 


field or the wp status latch will be turned on at status 
sample B time. No more characters are transferred from 
the channel data registers to 1411 core storage after 
the internal end of transfer condition occurs. 


2. Output operation with fixed-length record 1-0 de- 
vices: The number of characters in the output field 
must correspond to the record length specified for the — 
selected 1-o device, or the wLr status latch is turned 
on at status sample B time. When a wir indicator is 


turned on during output operation with a buffered 1-0 


unit, the output unit will not write the record; for 
example, if a 79 character record is transferred to the 
punch buffer in the 1414 1-0 Synchronizer, no punch or 
card feeding operation occurs in the 1402 punch. 


3. Output operation with variable-length record 1-0 
devices: The GM-wm in the output field terminates 
data transfer. The wir status latch is not set (not 
used ). | 

When load mode operation is performed with a 
seven-bit 1-o device, wM-ws character conversion must 
be considered in computing record length; for ex- 
ample, 80 word separator characters placed on the 
channel input data lines result in only 40 input char- 
acters (ws characters) being stored in the input field 
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in the 1411 core storage. Conversely, the 40 characters 
in the 1411 core storage result in 80 output characters 
(ws characters ) on the channel output data lines dur- 
ing output operation. 

Record length is also controlled by the d-character 


of the 1-0 instruction, which may have any one of four 


d-characters: | 

R (read): Accepts input characters until an input field 
GM-wo is sensed, the end of storage is sensed, or the 
input unit signals end of transfer. 

$ (read): Accepts input characters until the end of 
storage is reached. 

W (write): Transfers characters to the channel until 
an output field cm-wn is sensed, the end of storage is 
sensed, or the output unit signals an end of transfer. 

X (write): Transfers characters to output unit until 
end of storage is sensed or the output unit signals an 
end of transfer. 

The X and $ d-characters are used primarily for 
memory dump routines in tape operations. 

1-0 record lengths are checked by a correct length 
record latch as well as the wrong length record latch, 
providing a double check; for example, to branch on a 
branch on wrong length record instruction requires the 
WLR latch to be on and the cLr latch off. 

I-O commands are terminated at the end of I-phase if 
any status latches are on, including the correct length 


record latch. Special 1-o commands for the tape unit 


control (U op codes) involving no data transfer (no 
E-phase) force on the ‘correct length record latch to 
terminate the operation. 


No Transfer: The selected condition represented by 
the no transfer status latch varies with the 1-0 operation. 
The following example briefly describes the function 
of the no transfer indicator as used with the 1402 
reader; three instructions are available: 


Read a card M%10 Transfers contents of buffer to 
CPU and causes next card 

| to be read into the buffer. 

Read the buffer M%19 ‘Transfers contents of buffer to 
CPU. No card feed cycle. 

Causes a card to be read into 


Feed a card | Kd 
the buffer. No buffer to 
CPU data transfer. 


Multiple buffer transfer operations or multiple feed 
a card instructions result in a no transfer indication. 
The usual programming sequence is: feed a card, read 
the buffer, feed a card, read the buffer, and so on. 
(Refer to the appropriate section of the manual for 
operation of the no transfer latch during a particular 
op code. ) : 7 


CHANNEL I-O INTERLOCK _ 


The stored program must interrogate the channel status 
indicators between successive operations on the same 
channel or a system program check (1-0 interlock) 
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occurs and the system,stops. At the end of I-phase of — 


a channel | 1-0 operation, the op code (M or L) con- 
ditions the turn-on of either the E-channel move latch 
or the E-channel load latch. Either latch being on will 
light the channel 1 interlock indicator in the 1-o channel 
control section of the 18m 1415 console indicator panel 
(Figure 9). If the channel 1 interlock indicator is still 
on when channel 1 is again selected for an 1-0 opera- 
tion, the system stops with the systems check 1-o inter- 


lock indicator on. Special 1-o commands (op codes F, 


K, and U) also turn on the channel interlock and re- 
quire a programmed test of the channel status indi- 
cators the same as M and L op codes. 

The interlock (move or load latch) for channel 1 
is turned off as follows: | 

1.. The stored program encounters a branch on any 
channel 1 status indicator instruction (rR mid). The 
interlock is turned off regardless of whether or not 
a branch occurs. 
Note: The branch on channel 1 status indicator instruction is 
also referred to as a branch on external indicator instruction. 


Mnemonic BEX 1 (Channel 1) ~ 
BEX 2 (Channel 2) 


2. The stored program encounters a branch on se- 
lected channel 1 indicator instruction and a branch 
occurs. 3 


3. E-channel reset line active (an E-channel reset 


occurs during I-phase of a channel 1 1-0 instruction if 


the 1-0 interlock test is satisfied ). 
4. Computer reset line active (a computer reset 


forces an E-channel reset). 


Channel 1 status indicators are tested with an R- type 
op code. The d-character in the instruction format 
selects the indicator to be tested. The format for the 
branch if channel status indicator on is: 


OP CODE I-ADDRESS d-CHARACTER 
R (channel 1) | XX XXX (see following table) © 
X (channel 2) XX XXX (see following table ) 


d-CHARACTER SELECTED INDICATOR MNEMONIC 
1-bit Not Ready BNR: 
2-bit Busy BCB 
4-bit Data Check BER 
8-bit Condition — | BEF — 
A-bit No Transfer BNT: . 
B-bit Wrong Length Record BWL 


More than one status indicator may be tested with a 


single instruction by using a d-character with a a com- 


bination of bits; for example: 
-R (1) 3° Tests both Not Ready and Busy 
R (1) = Tests all six indicators 
Mnemonic: BEX] Address, 3 
BEX1 Address, == 
A branch to the I-address occurs if any one of the 
selected indicators are on. 3 


ene 


00025 AAAAAABBBBB 


If the system is equipped with the processing Over- 
lap feature, the program should test the overlap in 


process indicator before testing the channel status in- | 


dicators. If the channel status indicators are interro- 


gated by the program before the overlapped operation 


is completed, the cru is interlocked (computing is sus- 
pended ) until the channel operation is completed. This 
is done because a valid interrogation of the status in- 
dicators cannot be made until the end of the operation 
and all status indicators have been set. 

The following example shows simple 1-o program- 
ming: 7 7 
00001 M%11BBBBBR 


00011  R000012 
00015  R01000# 


Read a card 

If busy, try again 

Branch if any status indicator 
on 

Process data 


00036 M%44BBBBBW Punch a card 


00046 000362 If busy, try again 
00053 R04000# Branch if any status indicator 
on 


00060 J00001% Branch to repeat program 
vv 


00067 


01000 RXXXXXI1 Conditional branch to not 

| ready type routine 

Conditional branch to end of 
file routine 

Conditional branch to data 
check type out routine 

Conditional branch to no trans- 
fer routine 


01007 RXXXXX8 
01014 RXXXXX4 
01021 RXXXXXb ( A-bit ) 


01028  RXXXXX— (B-bit) 
length record routine 

If the reader is busy when the read instruction is 
attempted, the E-channel busy indicator is turned on 
and the operation is ended immediately (no E-phase ). 
The branch on busy instruction causes the cpu to at- 
tempt the read operation repeatedly until the reader is 
no longer busy. When the reader is no longer busy, 
the E-channel busy indicator is not turned on, and E- 
phase (data transfer) of the read instruction occurs. 
At the end of E-phase, the B-status channel indicators 
are set (conditionally), and the program proceeds to 
the next sequential instruction. The next sequential 
instruction is the branch on busy instruction. Because 
the busy indicator was not set during the I-phase of the 
read instruction, no branch occurs. The reader itself 
is busy at this time, but it was not busy at the time 
the busy bus was sampled at status sample A time of 
the read instruction. Note that the branch on busy 
instruction tests the channel status indicator, not the 
current status of the 1-0 unit. 


Instruction Format — Move or Load __ 


One basic instruction word is common to all 1-0 de- 
vices. See Figure 11. Special instructions (op codes F, 


Conditional branch to wrong. 


Basic 1-O Command 


Instruction format: 


© XXX BBBBB d 
Example: (card read) M %12 03000 R 
Specifies data transmission mode -- © M -- Move mode 
Selects channel and overlap or <-- X % ==  Echannel, unoverlap 


unoverlap operation 


Selects 1-O unit -- X 1 <= Select reader 
(function varies with |-O unit) -- X 2. -- Select stacker 2 
Initial data address -- B O -=-- Store first input char 
(five digits) in address 03000 

RB. <3 

B -0 

BO 

B 60 
Specifies direction of data flow -- d  R  -- Read (input mode) 


(input or output) 
d-characters 


Accept input characters until a GM-WM is sensed in the input field 
Accept input characters until the end of storage is sensed 

Transfer output characters until a GM-WM is sensed in the output field 
Transfer output characters until the end of storage is sensed 


xsunn 


Figure 11. Move or Load Instruction Format 


K, and U) are described with the device employing 
that op code. Instruction formats are shown on the IBM 
1410 Data Processing System Reference Card, Form 
X24-6502. | 7 


Op Code Character 


The op code character is set into the op register and 
brings up the op code grouping lines to control sub- 
sequent events. The op code also determines the mode 
of data transmission: move mode or load mode. An 
M op code specifies move mode; an L specifies load 
mode. | | 

A 1410 system with the process overlap feature is 
able to initiate an 1-o operation and then proceed with 
the stored program while the 1-0 operation is in process. 
Consequently, the cpu must “remember” the op code. 
If does so by setting either the channel move mode 
latch or the channel load mode latch during late 
I-phase of any move or load op code. The E-channel 
move or load latch will light the channel 1 interlock 
indicator in the 1-0 channel control section of the 1M 
1415 Console (Figure 9). 


X-Control Field : 

Characters in the X-control field provide channel and 
unit selection. These characters may be gated onto the 
address channel as first address characters in the same 


-manner as any other two address instruction, but the 


characters are not read into any address register. Dur- 
ing I-phase first address time of an 1-0 instruction, the 
address check circuits permit 8-4 (8-bit, 4-bit) com- 
bination characters on the assembly channel, to avoid 
an address check from the channel select character 
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(%, 0, @ or *). The character 4 (in two of five code) 
is emitted onto the address channel in place of the 
8-bit, 4-bit channel select character. 


Channel Selection: The hundreds position of the X- 


control field contains the special character that deter- 
mines which one of the four channel select latches 
is set. 


Percent sign % E-channel unoverlap in process 
Commercial at @ E-channel overlap in process 
Asterisk € F-channel unoverlap in process 
Lozenge O F-channel overlap in process 


Each latch has an indicator in the 1-0 channel control | 


section on the 18M 1415 Console. Note that the char- 
acter selects overlap or unoverlap operation as well 
as selecting the channel. 

Unit Selection: The tens position of the X-control 
field contains the unit select character which is set 
into the unit select register. The character 1, for ex- 
ample, selects the 1402 reader, conditioning the cir- 
cuits between the reader synchronizer (18M 1414) and 
the cpu. 


Unit Number Selection: The units position of the X- — 


control field contains the unit number character which 
is set into the unit number register. The function of 
the unit number character varies with the 1-0 device 
selected. During reader operation, for example, a 1 
selects the reader stacker pocket number 1. During 1mm 
1402 Card Read Punch move or load op codes, the 
unit number is sent to the synchronizer over the chan- 
nel output data lines and, although the unit number 
character is set into the unit number register, the 
register is not used. 


B-address | 


The B-address is the initial data address. During input 
operation, the first input character is stored in this 
address. The next character is stored in the next higher 
storage location. During output operation, the first 
output character is taken from this initial address and 
the next character is taken from the next higher stor- 
age location. During I-phase of unoverlapped opera- 
tion, the working address register is the B-address 
register (BAR). For overlapped operation, the E-ad- 
dress register (EAR) is the working address register. 


d-character 

The d-character is set into the op modifier register 
and specifies input or output mode. An R specifies input 
mode (read) and a W specifies output mode (write). 
The output of the op modifier register is used to gate 
the setting of. either the channel input. mode latch 
or the output mode latch late in I-phase of the 1-0 in- 
struction, leaving the op modifier register free to 
accept another character in case of overlap operation. 
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The on output of the E-channel input mode latch — 


lights the E-channel read indicator in the channel 
control section of the 1mm 1415 Console. The on output 
of the E-channel output mode latch lights the E-chan- 
nel write indicator on the 1415 (Figure 9). F-channel 
latches have the same name as the console indicators. 
Figure 12 shows a simplified logic flow for move or 
load command. — 


Processing Overlap 


The process overlap feature permits a 1410 system to 
process data (compute) while an input-output (1-0) 
operation is being performed. Process overlap is an op- 


tional feature, not on a basic 1410 system. A basic 1410 © 


system is interlocked (unable to compute) during an 
I-O operation, remaining idle except when an I-o data 
cycle is required to transfer a character between core 
storage and the 1-0 channel. | 7 


With process overlap, the 1410 system may use this 
idle time to take compute cycles. The computing is 
interrupted (disabled) when an 1-o data cycle is re- 
quired. Computing is resumed when the 1-0 data cycle 
is completed. 

Compute cycles use the normal logic gate ring; 
overlapped 1-0 operations use a logic gate extension 
ring. Computing is interrupted by disabling the logic 


gate ring. The 1-0 data cycle starts the logic gate ex-- 
_tension ring which times the operations for that cycle. 


The process overlap feature is optional on a single- 
channel system; required on a two-channel system. 
The priority feature is recommended on systems 
equipped with process overlap. (See SRL IBM Priority 
Feature, Form A22-0530). 


The process overlap feature requires additional cir- 
cuits and components such as: 


Logic clock extension ring 

_E-address register (EAR) for E-channel 

F-address register (FAR) for F-channel (if a two-channel 

system ) 

E-channel overlap in process indicator - 

F-channel overlap in process indicator 

Compute disable circuitry 

E-cycle and F-cycle control circuitry 
_ The overlap in process indicators can be interrogated 
by the stored program. Programming considerations 
for systems with the process overlap feature are de- 
scribed in IBM 1410 Principles of Operation, Form 
A22-0526. | 
Some general rules concerning processing overlap 
are: | 7 
1. Only one 1-0 unit can be operated per channel at 
any given time, whether or not overlap mode is being 


used. | ' 


f™ | 
‘A strobe signal | _ | A strobe signal 
| M/L Command from an input unit Shecbe Signal From from an output unit 
oe O XXX BBBBB d tells the CPU that tells CPU that the 
an input character is | character on the channel 
on the input data lines output lines has been received 
. | CPU Transfers 
‘a For Example, a per cent Select 1-0 CPU Transfers Input Input ‘Next Character 
| sign as the channel sel ~ | Channel (E or F) Character to 141] or Output From 1411 Core 
character specifies an Core Storage Mode Storage to the 
- E-channel unoverlap I-O Channel 
os operation | 
An internal machine check Check For an I-O 
determines if the status Interlock 
a indicators have been ia Condition 
tested since the last (See Note) 
operation on that channel 
~~. T-O Interlock No Yes Indicators and 
Be go Error Controls (Selected 
Channel Only) 
eos Master Error Select T-O Unit Sample the Channel 
(Unit Select B-Sictus B 
CPU Stops Character) eotarus buses 
* W or X ae: Ror $ Ch B ne Set (Conditionally) 
Set Output Mode Set Inout Mod annel Indicators — the B-Status 
Character silied ocala are Set at the End Channel 
of E Phase (Status Indicators 
a Sample B) | 
Gore Sample the Channel 
A-Status 
oe - 4 Buses 
A-Status Set (Conditionally) 
Channel Indicators >- — the A-Status End Operation 
a are Set at the End Channel Indicators 
é of I-Phase (Status a 
Sample A) 
¥ } : 
| End Operation = tatus Indicato | Start Data Transfer | 
oom On | 5 . 
Next Instruction Next Instruction 
> t 
| Note 
a 
The program must test the channel status indicators 
‘ between successive I-O operations on the same channel. 
The I-O Interlock test is satisfied by: 


1. A branch-any-indicator instruction R (I) GM. 


2. A successful branch on a selected channel indicator. 


Figure 12. Move or Load Command Logic Flow 


a 
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2. If one channel is operating in overlap mode, the 
other channel may not operate in unoverlap. However, 
both channels may operate simultaneously in overlap 
mode. 

3. Status indicators should be tested for the last 
I-o instruction just prior to executing another 1-o in- 
struction. If the program attempts to check the indi- 
cators before the channel operation is complete, com- 
pute disable interrupts the program until the channel 
operation is finished. 

4, The E-channel has priority unless the last cycle 
was an E-cycle. | 

5. A $ d-character (read to end of storage) is effec- 
tive only with an unoverlapped read command. An 


Start * 


E-Channel 


Tape Read 
(Unoverlap) 


Yes 


End of File? }“? 


Data Move 
Input Area to 
Output Area 


E-Channel 
Tape Read 
(Overlap) 


F-Channel 
Tape Write 
(Overlap) 


heme Yes 


in Process ? 
E-Channel 
End of File? 
F-Channel 
(Unoverlap) 
Vi F-Channel 
in Process ? 
X (IF 


Figure 13. Processing Overlap 


overlapped read command with a $ d-character is— 


treated the same as an overlapped read command with 
an R d-character. 

6. An X d-character (write to end of storage) is ef- 
fective only with an unoverlapped write command. An 
overlapped write command with an X d-character is 
treated the same as an overlapped write command with 
a W d-character. 

Figure 13 illustrates a typical application of proc- 
essing overlap. A reel of tape on the E-channel is being 
copied onto a reel of tape on the F-channel. The read- 
ing and writing is done in overlap mode so the time 
between the E- and F-cycles can be used to move the 
data from an input area of memory to an output area. 


Actual Program: 


WA ‘ 

10200 M%U010100R | Read First Record 
Vv 

10210 R10284 End of File? 


VY 
10217 D1010010181$ Data Move Input Area to Output Area 


WA 
10229 M@UO010100R Overlapped Read 
10239 M*U010181W Overlapped Write 
10249 J102491 E-Channel in Process (Busy) ? 
10256 R10284 ~ End of File? 
Y 
10263 3102632 _ F-Channel in Process (Busy) ? 
Vv 7 
10270 X10277 # F-Channel I-O Interlock 
VM 
10277 J10217b! Start 
y, | 
10284 M1 U010181W Write Last Record 
oy 
10294. + X10301 ~ F-Channel I-O Interlock 
Vv 
10301 © UBHUOM Write a Tape Mark 
10306 Y | 
10307 VY 
* Assume: 
1. No Errors 
2. |-O Areas Already Set Up 
3. Input Tape On E-Channel 
4, Output Tape On F-Channel 


Each channel has two eight-bit data registers and 
associated control circuits. Operation is basically the 
same for all types of 1-0 operations. The registers are 
used for transfer of data during E-phase, and also, in 
the case of the 13m 1402 Card Read Punch, for transfer 
of the stacker select character during I-phase. 


For ease in learning channel register operation, the 
presentation is divided into four sections: 


. Register components and controls 

. Input operation — move mode 

. Output operation — move mode 

. Input-output operation — load mode (word separator 
mode ) 


mon 


Register Components and Controls 


Because both E- and F-channels are similar, only E- 
channel operation is described. In some cases, line 
names in the ALD’s may vary slightly between E-channel 
and F-channel, but the operation is identical. 


Data Registers: The registers have no reset, retain- 


ing one character until a new character is set into the 
register. A register is made up of eight latches (Figure - 


14). Each channel has two registers: 


Data Register one (E-1 or F-1) 
Data Register two (E-2 or F-2) 


Data Flow Controls (Copy Controls): Data flow from 


E-1 to E-2 is controlled by the four lines: 


Copy E-1 BCD to E-2 Reg 
Copy E-1 WM and C-Bit 
*Set E-2 Word Separator (emits a WS into E-2) 
*Copy Invert E-1 WM and C-Bit 
*Used only in word separator mode. 


Transfer Controls: The transfer (set) lines determine 
when the data is transferred from E-1 to E-2, in con- 


El Input 1 Bit | Bit 


Set El Reg 


Not E] Input 1 Bit 


Figure 14. E-1 and E-2 Register Latches 


Channel Data Register Controls — 


trast to the copy controls which determine what data 
is transferred. 


(sets E-1 to the character at E-1 
input, Figures 15 and 16) 

(sets E-2 to the character in 
E-1) 


Set E-1 Register 


Set E-2 Register 


E-1 Reg Full (indicates a new character has 
been set into E-1) 
E-2 Reg Full (indicates a new character has 


been set into E-2) 
(calls for a new character in 

E-2) 

Word Separator Controls: Additional controls are 
required to enable the registers to process word sep- 
arator characters and wm characters. 


Reset E-2 Full Latch 


E-1 Reg Word Separator 
E-2 Reg Word Separator 
Set E-2 Reg Delayed 


Five “rules” to remember are: 


1. Direction of data flow is always from E-1 to E-2. 

2. A register transfer (E-1 to E-2) always occurs © 
when E-1 is full and E-2 is not full. 

3. During input operation, the cpu tries to keep E-2 
empty (not full). 3 | 

4. During output operation, the cpu tries to keep 
E-1 full. 

5. Channel data registers have no reset. The old 
character remains in the register until the register is 
set to the bit and no-bit configuration of a new char- 
acter. | 


Move Mode Operation 


Channel register operation is first presented in move 


mode. Load mode operation requires additional cir- 
cuits and is described later. : 


"Set E2 Word Sep | Bit 


#Emits a word - separator character 
into E2. 
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2nd Clock Pulse D T 
E Ch Reset C p +§ Set El Reg 
IPO 
V 2C 
i 
Ist Clock Bijlse - T 
4D 
2D 


IP -S Set E1 


Se 


T Collector Pullover 
+# A +Sat pin L of “IPA” at co-ord 2B will remove the collector pullover, 
permitting the next Ist clock pulse to turn trigger on. The IPO” at co-ord 4D 
prevents the trigger from being turned off by collector pullover, insuring that 


trigger remains on for a full clock pulse. 


Figure 15, Set E-1 Register Trigger — ALD 


E Channel Clocked Strobe Input 


* Collector Pullover 


%% E-Channel Reset 
Figure 16. Set E-1 Register Trigger — Condensed Logic 


Note: Close timing relationships occur in the channel cir- 
cuits. Excessive delay(s) in logic circuits may cause machine 
failures. 


Input Mode 


During input mode I-o operation, an input character on — 


the channel input lines is transferred through the chan- 
nel data registers, the A-channel, assembly channel, 
and into 1411 core storage. | : 

Assume an input data transfer operation on E- 
channel is starting and the following copy control lines 
are active: | | 


22 


Set El Reg 


Holds trigger off 


To permit easy identification of the collector pullover circuit, 
it is shown asa reset input into the bottom of the logic block. 


Copy E-1 BCD to E-2 Reg (Figure 17) 

Copy E-1 WM and C-Bit (Figure 17) 
An E-channel Reset (Figure 18) occurs at the begin- 
ning of an 1-0 operation, resetting the channel controls. 
The two channel data registers are considered empty 
(not full) because the E-channel reset turns off the 
E-1 reg full latch and the E-2 reg full latch. (See Figure 
1.) 7 

Strobe: The input device generates strobe, signalling 

the channel controls that a character is on the channel 
input data lines (Figure 20). 


Gate ie to pas 
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E-2 Reg Wd Sep 


\/ 
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\/ 


Not E=-2 Reg Wd Sep 
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E-Ch Output Mode 
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_ E=2 Reg Wd Sep | 
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E-Ch Input Mode 
Not Gate Cons to Asm 


, . 


Input 
E=2 Reg Wd Sep 
E-] Reg Wd Sep 
E-Ch Output Mode 
E-1 Reg WM Bit . 
Not Gate Cons to Asm | 


Output 
15.62.06 


Figure 17. E-Channel Data Flow Controls 


E-channel Strobe Trigger: The rise of the strobe sig- 
nal from the input device turns on the E-channel strobe 
trigger which removes the collector pullover from the 
E-channel clocked strobe trigger. The rise of the next 
2nd clock pulse turns on the trigger. 


E-channel Clocked Strobe Trigger: “Clocked strobe” 


AND’s with “input mode” and “not E-1 reg full” to re- - 


move the collector pullover from the “set E-1 reg 
trigger,” permitting the trigger to turn on at the rise 
of the next Ist clock pulse (Figures 15 and 16). 


Set E-1 Reg Trigger: The on output of this trigger: 


1. Sets the E-1 register to the bit configuration of 
the input lines. | 


_ 2. Sets the E-1 register full latch. 


3. Pulls over (off) the E-channel strobe trigger 
which in turn pulls over (off) the E-channel clocked 
strobe trigger. 


The following clock pulse (2nd clock pale): turns 
off the set E-1 reg trigger. Note that the collector pull- 
over circuit is AND’ed with the off output of the trigger. 
This prevents the trigger from being pulled off but 
permits the trigger to be held off once it is turned off 


o) and C Bit 


oy E~1 BCD to E-2 Rég 


Copy E-1 WM and C Bit 


Copy Invert E-1 WM 


by a 2nd clock pulse. The Anp circuit insures that the — 
trigger remains on for a full clock pulse. 


E-1 Full Latch: This latch is turned on when E- 1 is 
set, indicating that E-1 contains a new character. With 
the E-1 full latch on and the E-2 full latch off, the col- 
lector pullover is removed from the set E-2 reg trigger 
and the rise of the next 1st clock pulse turns the trigger 
on. : | | 
Set E-2 Reg Trigger: The on output of this trigger: 

1. Sets the E-2 register to the data gad from E-1 
to E-2 by the copy control lines. 

2. AND’s with “not E-1 reg wd sep” to set the E-2 
reg full latch, and reset the E-1 reg full latch. 

The next 2nd clock pulse turns off the set E-2 reg 
trigger and it is held off by the collector pullover 
circuit. | 
_ E-2 Reg Full Latch: The on output of this latch AND’s 
with “E-channel in process” and other conditions to 
bring up “E-cycle required.” The cru takes an 1-0 
data cycle (E-cycle) and the data from E-2 is gated 
to the A-channel, assembly channel, and into core 
storage. Near the end of the E-cycle, “early last gate 
I-O” AND’s with other conditions to remove the collector 
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~ E chenne! Reset 15.41. 12 
E Ch Not Ready latch 12.62.01 E-1 Reg Word Sep latch 15.41.11 
E Ch Busy latch 12. o. 02 2 Reg Word Sep latch. 15.41.11 
E Ch Condition latch 12.62.04 Ch Unit Sel Reg 15.55. 08-09 
E Ch Check latch 12.62.04 Ch Unit. Num Reg 15.55.01-02 
E Ch No Transfer latch 13.72.04 h Int End of Tran Delay latch 13.65.05 


C 

Ch Int End of Tran 13.63.01 
E Ch CLR latch (special reset) 3.63.03 Ch End of Record latch 13.63.01 
C 
C 
Cc 


E- 
E 
E 
E 
E Ch WLR latch 13.63.03 E 
E 
E Ch Ext End of Tran Ctrl latch 13.42.11 
E 
E 


Input Mode latch 15.62.01 h Ext End of Tran Trigger 13.42.11 
Output Mode latch 15.62.01 h Dise latch 13.42.11 
E Ch Move Mode latch 15.62.02 

E Ch Load Mode latch 15.62.02 File Start latch 13.72.01 
2nd Addr Tran latch 13.72.01 
E Ch Strobe trigger 15.62.03 1st Char 2nd Addr Ctrl latch 1372301 
E Ch clocked Strobe trigger 15.62.03 1st Char 2nd Addr latch 13.72.01 
Set E-1 Reg trigger 15.62.04 £ Ch End Addr Tran latch 13.72.01 
Set E-2 Reg trigger 15.62.04 File Strobe latch 13.72.02 
Reset E-2 Full Latch trigger 15.62.05 File Addr Tran Gate latch 13.72.02 
E-1 Reg Full latch 15.41.10 Ist Data Strobe latch 13.72.04 


E-2 Reg Full latch 15.41.10 


] Ring 4 
Percent or Coml at 
Logic Gate C and D 


Computer Reset ) 
E Ch 2 Char Only Op Codes p 

| Ring 1 

Logic Gate C and D 


(1401 Logic not Shown) 


E Ch Reset Corr Rec Length 
E Ch Reset 


* ForK E Ch Reset 
ALD 15.41.12 
* Resets CLR Latch 


_ Figure 18. E-Channel Reset 


pullover from the reset E-2 reg full latch trigger, 
permitting the next Ist clock pulse to turn the trigger 
on. 

Reset E-2 Full Latch Trigger: The on output of this 
trigger resets the E-2 reg full latch and the following 
clock pulse (2nd clock pulse) turns off the reset E-2 
full latch trigger. 

The sequence is complete; both data registers are 
empty (not full) and ready to receive another input 
character. Note that both registers do not have to be 
empty for the channel to receive another input char- 
acter. Only E-1 must be empty in order to accept 
another character from the channel input data lines. 


Output Mode 
During output mode operation (Figure 21), an output 
character in core storage is transferred to the channel 
data registers via the B-channel and assembly channel. 
The character in E-2 appears on the channel output 
data lines which are sampled by the output device 
(Figure 22). 
Assume the following: 
E-channel Reset has occurred (Figure 17) } 
Copy E-1 BCD to E-2 Reg line is active (Figure 18) 


Copy E-1 WM and C-Bit line is active ( Figure 18) 
E-1 and E-2 are not full 


24 


E-cycle Required: This line becomes active at the 
end of I-phase when “E-channel in process” AND’s 
with “not E-1 reg full” and other conditions to request 
the cru to take an 1-0 data cycle (E-cycle) to transfer 
an output character to E-1. Near the end of the E- 
cycle, when the output character is on the assembly - 
channel and available to E-1, “early last gate 1-0” AND’s 
with “output mode” and other conditions to remove the 
collector pullover from the set E-1 reg trigger, permit- 
ting the trigger to turn on at the rise of the next Ist 
clock pulse (Figure 100). 


Set E-1 Reg Trigger: The on output of this trigger: 

1. Sets the E-1 register to the bit configuration of the 
input lines. | 

2. Sets the E-1 reg full latch. 

The following clock pulse (2nd clock pulse) turns 
off the set E-1 reg trigger. 


E-1 Reg Full Latch: This latch is turned on when 
E-1 is set, indicating that E-1 contains a new character. 
With the E-1 full latch on and the E-2 full latch off, 
the collector pullover is removed from the set E-2 reg 
trigger and the rise of the next Ist clock pulse turns 
the trigger on. 


Set E-2 Reg Trigger: The on output of this trigger: | 

1. Sets the E-2 register to the data gated from E-1 
to E-2 by the copy control lines. | 

2. AND’s with “not E-1 reg wd sep” to set the E-2 
reg full latch and reset the E-1 reg full latch. The next 
2nd clock pulse turns off the set E-2 reg trigger and 
it is held off by the collector pullover circuit. 


E-2 Reg Full Latch: The on output of this latch: 

1. Prevents the turn on of the set E-2 reg trigger 
(by collector pullover). 

2. Conditions the AND circuit in the collector pull- 
over circuit of the reset E-2 full latch trigger so that a 
strobe from a output device will initiate an E-1 to E-2 
data transfer. 


_ E-cycle Required: With the first output character 
transferred from E-1 to E-2, the E-1 reg full latch is 
off, and another 1-0 data cycle (E-cycle) is requested. 
cpu brings the second output character to the channel, 
so both E-1 and E-2 are full. No further action occurs 
until a strobe from the output device signals that the 
character on the output data lines has been received 
and a new character is needed. 

Strobe: The output device sends a strobe signal to 
the channel controls requesting a new character to be 
placed on the channel output lines. The rise of the 
strobe signal turns on the E-channel strobe trigger and 
the on output of the trigger removes the collector pull- 
over from the E-channel clocked strobe trigger. 

E-channel Clocked Strobe Trigger: With the col- 
lector pullover removed, the trigger is turned on by the 
rise of the next 2nd clock pulse. The on output of the 
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Figure 20. Channel Register Operation — Input Move Mode 
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Figure 21. Channel Register Operation — Output Move Mode 
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Figure 22. E-1 and E-2 Output Timing Chart 
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trigger ANDs with “output mode” and “E-2 reg full” 
to remove the collector pullover from the reset E-2 full 
latch trigger, allowing the trigger to turn on with the 
rise of the next Ist clock pulse. 

Reset E-2 Full Latch Trigger: The on output of the 
trigger: 

1. Resets the E-2 full latch. 

2. Pulls over (off) the E-channel strobe trigger 
which in turn pulls over (off) the E-channel clocked 
strobe trigger. 

E-2 Reg Full Latch: With the E-2 reg full latch off 
and the E-1 reg full latch on, an E-1 to E-2 data trans- 
fer occurs, the E-2 reg full latch is turned back on 
and the E-1 reg full latch is turned off. 

E Cycle Required: “Not E-1 reg full” ann’s with 
“E-channel in process” and other conditions to bring up 
“E-cycle required.” Another E-cycle is taken by cpu 
to bring the next output character from core storage 
to the channel data registers. When the new character 
is set into E-1, the E-1 reg full latch is turned on and 
no further action occurs until a strobe from the output 
unit calls for a new character on the output lines. 


Load Mode Operation 


The channel operates in word separator mode only 
during a load mode operation with a seven-bit 1-0 de- 


_ vice. Review “Data Transmission” and “Channel Data 


Registers” in the Input-Output Principles of Operation 
section before studying word separator logic. 

Figure 23 shows the same channel register controls 
that appear in Figures 19, 20, 21, and 22, plus addi- 
tional controls needed for operation in word separator 
mode. The additional circuitry enables the channel to 
perform these four functions: 

1. During input load mode, conversion of a single 
word separator character to a word mark over the 
following character. 

2. During input load mode, conversion of two con- 
secutive word separator characters into a single word 


- separator character. 


3. During output load mode, conversion of a wM 
character (e.g., A) into two characters (wM, A); the 
word mark becomes a word separator character. 


\(4NDuring output load mode, conversion of a single 
word separator character into two word separator char- 
acters. 

Use figures 17, 23, 24, 25, and 26 to learn word 
separator operation. When troubleshooting channel 
troubles, 1-o data transfer operation can be caused 
without mechanical action of an 1-0 unit as follows: 
Use anM%19(B)R Program loop 


Use anM%20 (B)w Program loop (no GM-WM in 
the output field) 
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- Figure 23. Channel Register Operation — Load Mode | 
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Figure 25, Word Separator Processing — Output 


Channel Input Characters: Ws 123 


Strobe 

Set E-1 

Set E-2 

Set E-2 Wd Sep 

Set E-2 Reg Delayed 
E-Cycle 


Reset E-2 Full 


E-1, Reg 


E-1 Full 


E-1 
Wd Sep 


E-2 Reg 


' E-2 Full 


Wd Sep 


Figure 26. 
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Figure 24. E-1 and E-2 Sequence Chart — Output Load Mode 
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‘1-O Sequence 


‘ This section presents the cru functions and machine 
logic for the basic 1-o command (move or load) which 
is common to all 1-0 devices. Although a 1402 reader 
move operation is used as an example, the emphasis 
is placed on the cpu logic that is common to all move 


or load operations. Reader operation is described in — 


detail in a later section of this manual. 

The condensed logic diagrams in this section (Fig- 
ure 27) are an instructional type of diagram, showing 
_ only partial circuitry. For reference purposes (trouble- 
shooting) more comprehensive condensed logic dia- 

grams are included in the reference’ section at the 
back of the manual. 

The following presentation assumes the reader un- 
derstands the information presented in the Input- 
Output Principles of Operation and Channel Data 
Register Controls sections of this manual. 

Suggested review: “Channel Status Indicators” in 
the Input-Output Principles of Operation section. 


I-Phase Functions 


Two functions of the M/L are: selection and sensing. 
Figures 28 and 29 show the basic logic flow and timing 
for an M/L command. 


Selection 

The channel select character (a 1 in the example for 
card reader ) reads out at I-3 time and is placed in the 
1-0 channel select register. ( Because the X-control field 


I Phase 


E Phase 


Any E- 
25 ( Channel Status\N° 
Latches On? 
Read Out 
Next Inst 


Figure 27. Condensed Logic Symbols | 


32, 


Yes fete ne 
9 


ing, or Hole 
Count Error 
Set E-Channel 
Data Chk 


Has Card Been \ 
Tra 
Previously ? 


has only three positions, the I-ring is rapidly advanced 
from I-op time to I-3 time. ) 

With a channel selected, the channel interlock ee 
or load latch) for the selected channel can be tested. 
If the interlock is on, the program has not properly 
interrogated the channel status indicators, and master 
error stops the cpu at I-3 time with the system check 
1-0 interlock indicator on. If the interlock is off, a chan- 
nel reset is generated for the selected channel, resetting 
the channel control and status latches. 

The unit select character reads out and is set into 
the unit select register for the selected channel, se- 
lecting the desired 1-0 unit. 


SENSING - 


The simplified logic in Figure 30 shows that the channel 
status indicators are reset at early I-phase of a move 
or load command. With an 1-o unit selected and its 
status gated. to the channel status buses, the buses 
are sensed, or sampled, during late I-phase to set: the 
selected channel status indicators. 


l-Phase Status Indicators 


Channel status indicators that may be set during 


I-phase are called A-status indicators in the manual. 
Figures 31 and 32 show the condensed logic for the 
reader A-status indicators: not ready, busy, and condi- 
tion. A-status indicators are set with a pulse called 


_ status sample A that occurs during the last instruction 


No 


insferred 


Read Out Next 
Inst 


e po 


M/L OP, CODE 


v 7 (880usec) 
M % 1 0 B B B - iB B Read Transfer Scan 
IOP |11,2,3}| 14 I5 1) Z g 9 110 
Set -| Sel Set 
Op E Unit 
Reg Ch Sel Transfer contents of 1414 
Reg Reg 
(Stkr) read buffer to CPU core 
storage (starting with B 
address). 
Test Reset 
M/L | £ 
Latch. ch 


(Set | status 
master |latches. 
error 
if on.) 


141] 
. Data Xfer " 
Status Latches 


: A - Status Latches 


Not Ready . Busy Cond. 
12.62.01 12.62.02 12.62.04 


; 1411 F 
‘ Mechanical 
Status Latches 


—— ee ce es ee ee 


Status Sample B 


B - Status Latches 


Data Check WLR 
12.62.04 13.63.63 


*1. Set at status sample A time. , . . ***]. Set at status sample B time. 
**2. Tested at status sample A delay time. 2. Tested with R-type branch instr. 
3. When on, instruction is ignored. ‘ 3. Reset at 14 time of each M/L inst. 


4. Reset at 14 time of each M/L inst. > 


Figure 28. Channel Status Checking — Basic Logic Flow 


AND Logic ; - OR Logic 
A,B, and C active = D active A or B or C Active = D Active 


Latch Name Latch Name ~ 


L L 
15.10.01 15.10.01 
Latch Latch 
A = Set A or B= Set 
B = Reset C or D = Reset 
C = On Output E = On Output 
. . F = Off Output ~ 


Note: Condensed Logic uses actual or abbreviated ALD line names 
Simplified Logic uses descriptive terms to aid understanding the 
logical function 


Figure 29. Channel Status Checking — Basic Timing 


Trigger Name 


Trigger 
A = Set Gate 
B = Set Pulse 


C = Reset Gate 
D = Reset Pulse 
E = On Output 
. F= Off Output 


G=‘Collector Pullover if marked CPO 
G =DC Reset if not marked CPO 


I-O Sequence 


33 


1414 | 1411 


Select Reader | 


Reader Not Read | 
> | | 

| 

| 


Late I Phase of M/L 
Reset At Early I 


Phase of M/L 


ca 


Select Punch 
Punch Not Ready 
Late I Phase of M/L 


Select Printer 

Printer Not Ready 

Late I Phase of M/L 

Select Reader | 

Reader Bus 

Late I Phase of M/L i 
Select Punch. 

Punch Bus 


Late I Phase of M/L 
Select Printer 


Printer Bus 
Late I Phase of M/L 


. | E-Chan Busy 
, 


Reset At Early I 
Phase of M/L | 
| 


Figure 30. Channel Not Ready and Busy — Simplified Logic 


ys 


CE Rdr Rdy 
Proc Feed Rd 1414 | 1411 
Rdr Stop Any Bfr 
Not #2 CLC Sel Unit | | 
Del EOF Latch ~ Rdr Rdy 
; to CPU 
Not Int Buf i 
Not Rdr Off Li 
—e 52.11.02 51.40.18 | 
51.40.19 1414 | 1411 
Rd Feed Gate Read Feed Sel Unit 1 ; 
Proc Feed (CB) : 
. T401 Read —| ye Bus 
Read 12 Time (CBY 
__End Rd Scan Y 52.10.09) 
Set RD Feed Latch (M%19) Read Feed 


sage KD Op Code | | 

401 or 3 

CE Op f B 52.10.08 | 
; Rd Req | 

Figure 31. Channel Not Ready and Busy — Condensed Logic 


read-out cycle (Lioc). Status sample A delay tests 
the outputs of the indicators. 
Status Sample A [-12 LG D 
Status Sample A Delay I-12 LG E 
If any status indicators are set during Lrroc, last 
execute cycle is generated and the operation is termi- 
_ nated at the end of I-phase. If no indicators are set, 
one of the four channel in process latches is set and 
E phase occurs. Figure 33 shows the set of the channel 
1 unoverlap in process latch, which controls an E- 
channel unoverlapped operation. 


34 


E-Chan Not Ready 


E-Channel Not Ready 


es Busy 


E-Ch Sel Any Bfr i 


E-Channel Busy :) Last Execute 
E-Channel Condition® (Sets I-Cycle Control 


to Read Out Next 
Instruction) 


| * Set in Same Way as 
Busy and Not Ready 
Latches. 


t 


C) Console Indicator 


E-Ch 
Ready Bus E-Ch Not Rdy 
£-Ch Any Status On 
Status ae A 12.62.01 
E Ch Reset 
13.72.05 
Status Sample A C> Console Indicator 
(I 12, LG-D) E-Ch Busy 


~ E-Ch Ready Bus 
E-Ch Busy Bus 


> 12.62.02 


E Ch Reset (I-4) 


a E-Ch Any Status On 


13.72.05 
12.62.02 


E-Ch Sel Unit . 


I-Phase Logic Flow 


Figure 34 is a logic chart for instruction read out of 
a move or load command. The overall logic flow is the 
same for any move or load command. Variations are 
shown for 18M 1301, 18m 1405, wm 1402, and tape 
move or load commands. 


Use Figure 34, Sheet 5 in conjunction with the baie 


flow chart. 


~ 


eee EOF eter Mayan 

Not Rdr Stop 

Last Card 52.11.01 | 

Not File Op | 
Rdr Stop E-Ch Sel Any 
_2re | Buffer Status Sample A _ 
| E-Ch Cond Bus 
EOF Buffer Condition 
L 12.62.03 
EOF Gate (Rd Feed 52.11.01 “> 
ea : | 51.40.20 | =~ 
atus Sample a ' 
~ A Delay) : She ee | — Console Indicator 
E-Ch An 
Sel Unit 1 | ce Status On 
| E Ch Reset 
P | 13.72.05 
Figure 32. Channel Condition : 
13.60.03.1 
Select Unit 1 ~ 
Select Unit 2 
Rd Ready to CPU Select Unit 4 


Unit 1 Select to IJ-O 
a> Select Unit J 


Read F Buff 1.40.1 
Rood ron 3 er Pch Read 51.40.18 


Unit 4 Select to I-O 
> Select Unit 4 


Write to Buffer 
51.40.01. 1 
Select Unit 2 

Print Ready Status | 


V/ 


Ready to Print 


53.42.02. 1 t Features Ready 
et eee eit A ee tech oS 2 ee 
1411 
E-Ch Not Rdy 
L E-Ch Not Read 
E-Ch Status Sample A 12.62.02 E-Ch Bus 
I Ring 4 Time ee 
- ondition 
Percent or Coml At 12.62.02 
Logic Gate C 


- Ig 
iz 
lg 
¢ 
8 


E-Ch Sélact Any Buffer 


Buffer Read 


E Channel 


Ready Bus 
‘ 12.62.01 


Tap e Read 


| E-Ch Select Tape Data 


13.50.07 
File Read 


E-Ch Select Unit F 
00,0 


(A) E~Ch Any 


Status On 
T-O Percent Latch Last Exec Cycle 


13.65.07 


Not File Op 


Last Insn RO Cycle “> 


E-Ch No Status On 
1-0 Percent Latch 
E-Ch Status Samp 


E-Ch Any Status On 


Figure 33. Any Status On 


E-Phase Functions 


The intent here is to acquaint the Customer Engineer 
(cE) with the key latches and signals that are asso- 
ciated with E-phase. A thorough understanding of 
these highlights of E-phase provides the cE with a 
broad concept of E-phase functions before studying 
a detailed operation for a specific 1-0 device. 

E- and F-channel operations are similar; only E- 


C-) Console Indicator 


Ch 1 Unovlp 


13.60.04 


channel operation is described here. E-phase may be 
divided into three parts: Initiation (partly accom- 
plished during Lrroc); 1-0 data cycles; and termination. 


E-Ch Unovl 


» in Process 


Initiation 
On an overlapped move or load command, the contents 
of the op register, 1-o channel select register, and the 
- op modifier register may be lost when the next instruc- 


I-O Sequence 35 


See Sheet 5 | 
M/L Instruction Read-Out Timing Chart 


M/L Command 
© XXX BBBBB d 


I Op Set M or L into Set Op. Reg 
| OB Rea 12.13.04 


oo Advance I Ring. 
to I3 


% E-Ch Unovlp 
@ E-Ch Overlap 
1 F-Ch Unovip 
* F-Ch Overlap 


Interlock Check 
18.14.11 


{ Master Error Stops 
CPU at I3 


Set Channel 

Busy Indicator 
E-Ch 12.62.02 
F-Ch 13.66.05 


Tape Sel Reg 
Must Not Be 
Changed if a Tape 
Unit is Operating 


From Sheet 2 


Unovlp-Use BAR 
Ovlip - Use EAR 
or FAR 


Unoverlap 


E or F Channel 
in Process 


Compute Disable 
12.12.60 


Yes TAU Early Busy bee 
12.62.02 


I Ring 


| Special Advance 


Control Latch 
12.13.01 


_ Set Channel 


Select Reg 
E-Ch 13.50.01 
E-Ch 13.50.02 


Set I-O | VV ~ [| Channel Intk on 
e 


E-Ch 15.62.02 
F-Ch 15.63.02 


Indicator On 
\. 1415 Console 


Channel 
Interlock Is on If 
Either the Move or 
Load Latch for That 
Channel Is on 


Unit Number 

Reg Is Set but Not 

Used for 1402 
Operation 


Reset Tape 
Sel Reg . 
E-Ch 13.71.04 
F-Ch 13.66.09 


Set Tape 
Sel Reg 
E-Ch 13.71.04 
F-Ch 13.66.09 


Yes Tape No 
‘ Selected 


Overlap 


See Figure 
18 For Channel 
Reset List 
| 
14 
Ch | Reset 
No | E-ch 15.41.12 [LG Cand D 
F-Ch 13.64.02 
. TA 
Set Unit Last 
Sel Reg LG 
E-Ch 15.55.09 
F-Ch 15.56.09 
15 
Sef Unit Last 


Number Reg LG 
—~ | E-Ch 15.55.01 
‘| F-Ch 15.56.01 


Indicator on 
1415 Console 


To 


Figure 34. Move or Load Instruction Read-out (Sheet 1 of 5) 


36 


Sheet 3 


1402 Reader - Yes 
Punch Selected 

No 1405 Yes 
File Selected 


No 
Since Last Wr Op 
Enter B-Address 
Reg 


Unoverlap 
~ Overlap 


Set RBC 
Interlock 


13.74.02 


Master Error 
(CPU Stops) 
18.14.08 


To Sheet 2 


I6 


# Ex 


mt 


a, 
ne (31) ‘From Sheet 1] 
— 
to 1414 Via Ch 
foe Data Line 


I5 
Remove CPO * 
from Set 
El Reg Tgr 


Char Is On ASM 


and Gated 
to El Reg 
Input 


15.62.04 


I5 
s LG B 


Turn On Set E] 


Sets Stacker ‘On’ 


a Sel Char SSS Reg Tgr — = for One Clock 
into El 15.62.04 Pulse 
| Set El Reg 
. f™ Full Latch 
Copy Controls 15.41.10 
Sée 1. Copy El Reg 
Channel Data BCD to E2 
ie Register Controls 2. Copy El WM Remove CPO * 
We and C Bit from Set E2 
Reg Tgr 
15.62.04 
| Sets El Reg Turn on Set E2 “On” 
Char into E2 Se Reg Tgr ao for One Clock 
Re 15.62.04 Pulse 
oo 
laces Stacker Set E2Reg 
Sal Charon Full Latch 
o~ Channel Output 15.41.10 
i Data Lines to 1414 
pis 1-0 ayne Reset El Reg 
7 | Full Latch 
y » 15.41.10 
- I-O Sync - o: 
‘ Generates on # 4 Select Unit 1 | 
. Extra Strobe to = or Unit 4 
a Reset E2 Reg 
Full Latch ae T6 
Remove CPO * Early 
from Reset E2 Full LGB 
Latch” Tgr 
-_ 15.62.05 
# When th i i ee 
en the punch buffer is ready to receive data from 7 .Turn On LG B 
for CPU, a special circuit in the 1-O Synch generates an i ae k i * Reset E2 Full CP ] 
"extra" strobe pulse to reset the E-2 Full latch, oO Latch” Tgr 
permitting the first data character to transfer from Pulse 15.62.05 
E-1 into E-2, 
I6, 
ff ™ Prevents Turn Off LG B ! 
Storing Stacker E2 Reg Full CP | 
Sel Char As a Latch 
wy Data Char 15.41.10 


- oo | . (a) To Sheet 1 


i$ * Collector Pullover 


Figure 34. Move or Load Instruction Read-out (Sheet 2 of 5) 


I-O Sequence 37 


a @ From Sheet 1 
Tl 


LG D 


a Cp 2 Set Op Mod Reg 
, 15.38.04 


T-11 T 11 
LG F : Set Input Set Output ; LG F 
Lights the Mode Latch Ror $/ Op Mod Char \WorX] = Mode Latch _ Lights the C 
Read Indicator eae 15.62.01 R/$ éF w/X E-Ch 15.62.01 Write Indicator 


On 1415 Console 


On 1415 Console | 


15.63.01 E-Ch 15.63.01 


ndicator Remain 

On Until Channel 
Reset of Next 

Channel Op 


ndicator Remains 
On Until Channel 

Reset of Next 
Channel Op 


Last Instruction Read 
Out Cycle (LIROC) 
12.13.05 


I 12 


LIROC .-- Set Move Set Load ; LIROC 
ie i Mode Latch Op Reg Char Mode Latch _ rth aed | 
Interlock Indicator - — F-Ch 15.62.02 Moor E-Ch 15.62.02 Interloc icator 


On 1415 Console On 1415 Console 


FeCh 15.63.03 F-Ch 15.63.02 


To Sheet 4 


* ge? as Filaloe ee (D1) soot, ind oe T Phase 
Sample the : | 
A-Status Buses 
Set (Conditionally) 


the A-Status 
Indicators 


I 12 
LG D 


Status Sample A 
E-Ch 13.65.06 
F-Ch 13.67.01 


Address is 
Transferred in Same 
Manner as Data 


ee ~- 1301 Address 
Trans Operation 
Address Trans 
Error (or) File 
Inoperative or Busy 


(or) “Non-data” 


Op Code 
1301 End of Op 
13.42.11 
Sample All 
Sots Sample 8 


No Any Indicators On Yes 
E-Ch 13.72.05 
F-Ch 13.73.04 


Yes No 


Unoverlap Overlap 


Unoverla 
Overlap | 


T 12 
LG E 
Set Unoverlap Set Overlap From Set (Conditionally) 
In Process -_Kiatus Samptel-= In Process Sheet the Status 
E-Ch 13.60.04 P E-Ch 13.60.04 4 Indicators 


F-Ch 13.64.08 
No Either 1301 or 1311) Yes 
Operation | 


Address Transfer Op 
(See insert at right) 


F-Ch_ 13.64.08 


Yes 


Do Data Transfer 
Operation 


Unoverlap ee Overlap Wrong Length Set Correct Lenght} I 12 
—. Overlap Record Latch Record Latch LG E 


E-Ch 13.63.03 
F-Ch 13.66.06 


E-Ch 13.63.03 
F-Ch 13.66.06 


CPU Takes an 
I-O Data Cycle 
Under Channel 
Control 


| Compute Disable 
12.12.60 


Last Execute 
Cycle *I-O 
13.65.07 


Set I-Cycle 
Control Latch - 
12.12.23 


#Output mode is f 
CPU Proceeds with a re eeccstaed mee ; 
during address transfer portion 
Stored Program ee 
of an input command 


Figure 34. Move or Load Instruction Read-out (Sheet 3 of 5) 
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Toe 


2) 


Note: See 1405 Customer Engineering Manual of Instruction, . a (01) From Sheet 3 
Form 227-5542 for detailed flow charts of 1405 


e # a 
operations. : -~ 
. See 1405 Disk Control Commands Do, First bates —_-__—_— — —_ — 
: : Tran Op 

section of this manual . 

Status Sample : . 

= Sample Ail 

Status Buses 


*A" Is Generated 
#Qutput mode is forced during Set (Conditionally) 


CPU Takes D 
Cycles and Transfer 
Eight Characters 


at End of First 
Address Tran 


address transfer the Status 
Indicators 


N 
: Any Indicators On uss (c2) 


. To Sheet 3 


- Overlap Overlap Unoverlap 
Unoverlap 
| Set Channel 
Indicators: 
= 1415 Console 7 


Set Channel 
Overlap In 
Process Latch 
E-Ch 13.60.04 
F-Ch 13.64.08 


Unoverlap In 
Process Latch 
E-Ch 13.60.04 
F-Ch 13.64.08 


Compute Disable _ 
12.12.60 


Status Sample A Delay Status Sample A Delay 


CPU Is Idle 
Except When 
Taking an J-O 
Data Cycle 


Last Execute 
Cycle *I-O 
13.65.07 


Set I Cycle 

Control Latch 

12.12.23 

CPU Proceeds 
with Stored 

Program 


/ Parallel Operation oe 
eat CPU Op 


CPU Takes: an 
I-O Data Cycle 
Under Control 
of Channel 


Address on Disk 
Is Compared with 
Address in B-Field 


a 


‘i No Yes 
Do Second a= es ! 
Address Tran | | 


System Proceeds aa Saaei = 1405 End of Op 


with Data Tran Op 


| Sample the 
_ B-Status Buses 


Set (Conditionally) , | 
the B-Status Status Sample B | ; 
Indicators | 


*A compare error results in the channel Condition and 
No Transfer indicators being turned on 


T-O Last Ex Cycle 
13.65.07 


Set I Cycle 


Control Latch 
12.12.23 


CPU Proceeds 
with Stored 
Program 


Figure 34. Move or Load Instruction Read-out (Sheet 4 of 5) 


I-O Sequence 39 


PROGRAM _ EC LEVEL 


00001 (4%19 01000R = 1411 249906 (with Accel Feature) 
00011 R 00001# | 1414 113756 
00018 Y | : 


SYNC. 
Address Switches 00018 


% 


ALD LINE _ ALD PAGE TEST POINT 


1. 1 Ring 
Logic Gate B : 11C2 j12C 


Set Op Reg 13. 11C1 HO7C 
SPL Adv Ctrl Latch my 11C1 K14Q 


Set |-O Ch Sel Reg 13. 11D3 J21B 


1-O Percent Latch £ 50. 11D3.J22B 


E Ch Interlock 62, 11D3 B21R 
E Ch Reset Al. 11C3 E16H 


Set E Ch Unit Sel Reg 55. 11D3 F16B 


Set E Ch Unit Nu Reg 55.01 11D3 J21C 


(**CPO on Set E-1 Reg .62. 11C4 BI6L 
trigger) 


Set E-1 Reg 62. 11C4 A15C 


E-1 Reg Full Al. 11C3 D14B 


(**CPO on Set E-2 Reg 162. 11C4 B16éK 
trigger) 


Set E-2 Reg 62, 11C4 A15A 


| 


| 


E-2 Reg Full 15.41. 11C3 F21F 


(**CPO on Reset E-2 Full 62,05  11C4 BI4K 
Latch trigger) 


Reset E-2 Full Latch .62.05. 11C4A17C 


Set BAR Ji. }1C1 C26H 


Set Op Mod Reg 38. 11D1 HI9H 
E Ch Input Mode: .62, 11D3 C21A 


Last Insn RO Cycle 13. 11C1 H12G 


E Ch Status Sample A .65. 11D3 EO3C 


E Ch Move Mode — 02s 11D3 C11D 
E Ch Any Status On 72, 11D3 BI7C 


E Ch Unovlp in Process 60. 11D3 BI5C 


. +S Comp Disable Cycle 12.12.60 11D3 DO2D 


1402 Card Read-Punch only (for stacker select character) 
CPO - collector pullover 
# — 1402 Card Read only 


Figure 34. Move or Load Instruction Read-out (Sheet 5 of 5) 
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tion word is read out. Therefore, the information from 
these registers is stored in the channel control latches 
so the overlapped operation may occur while the com- 
puter continues with the stored program. The informa- 


tion is stored in the channel control latches for both 


overlapped and unoverlapped commands. The con- 
trol latches are: 
E-ch move mode 


E-ch load mode 
E-ch output mode 


E-ch unovlp in process 
E-ch ovlp in process 
E-ch input mode 


M or L Op Codes 


$ or R Symbol O 


Mod 
1 Ring 11 Time 


Percent or Coml At 


Last Insn RO Cycle 


I-O Move Op Code ¥ 
Logic Gate E 


I-O Percent Latch 
E-Ch No Status On 


Input Mode 


E-Ch in Process 


E-Cycle Required 


E=-Ch Select Any Buffer 
Buffer End of Trans 


E-Ch Reset 


Last Input Cycle » 


E-Cycle 
B-Ch GM . WM 


R Symbol Op Mod S ! E-Ch Reset 


F-channel has a similar set of latches. Figure 35 shows 
the control latches turned on for an input move mode 
command. The E-channel ready latch is used only 
for a buffer operation (18m 1414 1-0 Synchronizer, 
Models 3, 4, or 5) or 18M 1442-3 Card Read Punch 
operation. 


I-O DATA CYCLES 


Data transfer operation is primarily a function of the 
channel data registers and is covered in the previous 


1415 Console indjeatoe . 
"Read" 


"Interlock" 


E-Ch Move Mode 


15.62.02 


"Unovlp in Process" 


E-Ch Int End of Trans 


13.63.01 


E-Ch End of Record 
L 


13.63.01 


E-Ch Reset 


E-Ch Int EOT 


E-Ch E-Ch 


Status Sample B Second Samp 


T 
13.65.05 


Key latches and triggers that control E phase of a buffer input operation 


Figure 35. Channel Control Latches — Simplified Logic 


E-Ch 
Status Sample B Delay 


13.65.05 


I-O Sequence 41 


section. (See Figures 99, 114, 115, and 116 in the 


reference section). 


TERMINATION 


To terminate E-phase of any E-channel move or load 
command, two lines must be active: E-channel Internal 
end of transfer and E-channel External end of transfer. 


See Figures 35 and 36. With both internal and ex- 


ternal end of transfer, three successive pulses, each 
two clock pulses in duration, are generated. 

1. E-channel Status sample B samples the B-status 
buses and sets, conditionally, selected channel status 


indicators. During unoverlapped commands it sets the. 


1-0 last execute cycle latch (Figure 120). 

2. E-channel second sample Bis used to sample the 
outputs of selected channel status indicators. The 
signals generated vary with the different operation. 

3. E-channel status sample B delay turns off the 
channel in process latch (Figure 35). | 


E-Phase Status hndicatots | 


Status indicator charts for the various 1-0 devices are 
shown in the reference section. 


E-CHANNEL DATA CHECK 


Figure 37 shows the read check latch in the 1m 1414 
gated to the check bus by select unit 1 (reader). At 
status sample B time, a reader error status is trans- 
ferred to the channel (data) check status indicator. 
During input operation, a parity error input char- 


acter may appear on the A-channel. Because this is a _ 
transient error condition, it must be sampled im- 


mediately. The bottom input to the E-channel check 
latch ( Figure 37) provides a turn on for the latch during 
every E-cycle if there is a parity error (1-o check) on 
the A-channel. : 


E-CHANNEL WRONG LENGTH RECORD 


During the input operation with a GM-wm properly 
_ positioned in the input field, the turn on of the E-chan- 
nel wrong length record (wir) latch is blocked as 
follows: after external end of transfer occurs and the 
last input character is stored, E-cycle required is gen- 
erated by a special circuit (Figure 38) forcing an 
extra E-cycle to test the B-channel for a cm-wmo. Dur- 
ing this E-cycle, a cM-wM on the B-channel sets both 
the end of record latch and the internal end of transfer 
latch. The inverted output of the end of record latch 
_ blocks the turn on of the E-channel wir latch. See 
Figure 36. 

If the E-channel wir latch is not turned on, then 
the E-channel correct length record (cLR) is turned on 
(Figure 90). The two latches, wLR and cLR, must be 
in agreement at the end of an 1-0 operation or a sub- 
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sequent programmed test of the wir indicator (BWL1 
—Ruui— ) results in a mismatch between the branch 
latch and the no branch latch. An instruction check oc- 
curs during a branch operation if the branch and no 
branch latches do not match. 

The last input cycle latch is turned on aude input 
operations where an extra E-cycle is taken to check 
for a B-channel cM-wm. The two cases where the 
latch is turned on are: 

1. a. The input move or load command has an 


-R d-character. . | 
b. All input characters have been stored and 


neither a GM-wM or wrap-around (end of storage) has 
been sensed. 


2. a. The input move or load command has a $ d- 


character. | 
b. All input characters have been stored and a 
wrap-around condition has not been sensed (this is a 
WLR condition ). 
The on output of the latch: 
1. Sets the internal end of transfer latch (if no GM- 
wo is sensed on the extra cycle to turn on the internal 


end of transfer latch). 


2. Blocks the set of the end of record latch from a 


wrap-around condition during the extra E-cycle (input: 


field is one position too long). 
8. Blocks the A-channel vc error circuits. 
4, Conditions the assembly controls to use the B- 


channel character (to regenerate the character read 


out on the extra E-cycle). 

During output mode operation with a fixed- length 
record 1-0 device, if the cm-wm is located too early in 
the output field (short field), “E-channel strobe” causes 
a WLR indication (Figure 38). If there is no GM-wM, or 
it is located too late in the output field, “E-2 reg full” 
causes a WLR indication. If there is no GM-wmM in the 
output field and the 1-0 device selected is a fixed-length 
record device, external end of transfer forces internal 
end of transfer to end the operation (Figure 101). 

If the E-channel ready bus becomes inactive while 
the E-channel is in process, the external end of transfer 
trigger is turned on, ending the operation (Figure 101). 


E-CHANNEL NO TRANSFER 


Because the use of this indicator varies with the | 


selected unit, no attempt is made here to describe the 


no transfer indicator. See Figure 105. 


Processing Overlap Logic 

The processing overlap feature allows the 1m 1410 
Data Processing System to take compute cycles during 
much of the time an 1-0 instruction is being executed. 


Consider first a read operation involving an 18m 1414 
Synchronizer and 18M 1402 Card Read Punch. The 


souenbas Or 


i 


SYNC | | PROGRAM EC LEVEL 
Vv ; 
Address Switches 05079 | 00001 M%19 05000R 05080¥ 1411 249906 (With Accel Feature) 


Vv 
00011 R 00001# 1414. 113756 


ALD LINE . ALD PAGE TEST POINT 


1. +8 Logic GateB sO AVERITT 3 ee tg ee ee ee SPE a 

2. +5 ECh Ext End of Trans 13.42.11 11D3 B26C as) 

3. +s E Cycle Required 12.12.62 11D3 HI8Q |—~ | oe aes 

4. 4$ E Ch Lost a Cycle — 13.63.02 11D3 FI6R 

5. +8 BCh GM «WM 13.63.01 = 11D8 H22Q | a | | | 

6. +S E Ch Int End of Trans 13.63.01 113 E108 

7. +S E Ch End of Record | 13.63.01 113. Joc | 

6. SSE ch cs End of Trf Delayed 13,65.05 11D3 HI8L | 

; IN a ae rt 

9. +S Logic Gate Z (13.65.05  11D3 CO9L |. \ | 
10. +S Ch Status Sample B 13.65.05 —-11D3 C24C ee 5 eee tose een LS Cee, 
11. +48 E.Ch No Tran Latch 13.72.04  11D3 F06B 

12, +8 I-O Last Ex Cycle 13.65.07 11D E23P : 

13. +8 1 Cycle Ctrl 12:12:93. 11C relic , ; | 

14. +5 E Ch Second Sample B 13.65.05 11D3 B24C 

15. +S Correct Tran to Buffer 13.70.04 11D3 H23G 

16. +S E Ch Status ence Delay 13.65.05  11D3 D27C 


17. +S E Ch Unoverlap in Process 13.60.04  11D3 BI5C Se eee Te 


Figure 36. Input End of Transfer Timing Chart 


Hole Co 
Rd Scan 
favalid Card Code 
Powered Clock Error 
Ring Error to Error Latch Error | 
Parity 1 
Parity 2 
¢ 


51.40.21.1 > 


Buffer Error 
Select Unit 1 


12.62.03. 1 


Select Any Buffer > ; E Ch Check Bus 


Status Sample B 


I/O Check 
E Cycle 
Error Sample 


Figure 37. Channel Data Check — Condensed Logic 


- 1414 can process one character every 11 microseconds. 
The 1410, however, can accept a character in just 4.5 
microseconds (4.0 microseconds with Accelerator Fea- 
ture ). Without the processing overlap feature, the 1410 
would be idle 6.5 microseconds out of every 11 micro- 
seconds whenever an 1-0 instruction was being exe- 
cuted. With the processing overlap feature, however, 
the idle time can be used for compute cycles if the 
1-0 instruction is given in overlap mode. | 

The time saving becomes even more important when 
a tape operation is considered. Because transferring 
data to or from a magnetic tape unit is an essentially 
unbuffered operation, the data transfer must wait from 
read (or write) call time until the tape unit gets up 
to full speed. For an 13m 729-11 Magnetic Tape Unit 
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1402 
C Indicator 


Read Check 
> one 
52.12.01]- 


Reader 9 Time 


unt Error 


Read Error 


Cy Console Indicator 
E Ch Check 
Pe: | ca 
12.62.04 


E Ch Reset 


this starting time is approximately 7.5 milliseconds. 
With the processing overlap feature, this time can be 
used to take compute cycles; also, because the tape 
operation is unbuffered, the data transfer character rate 
is dependent on the tape unit and not the 1414; for 
instance, a 729-1 reads or writes one character every 
67 microseconds (or two characters every 134 micro- 
seconds). Most of this time can be used for compute 
cycles if overlap mode is specified since the 1410 can 
handle a character in 4.5 microseconds. 

When an 1-0 instruction is given, the second char- 


acter of the instruction specifies which channel to use 


and whether or not the instruction is to be overlapped. 


For the E-channel, a percent sign (%) specifies un- 


overlap mode, and a commercial at sign (@) specifies 


—_ \ 
Input Mode o : | 
| | E Cycle Last Input Cycle eo 
= @ - Not E=1 Reg: Full . oat net — : - ECh 
Not E-2 Reg Full , —- Int End of Tran 
Logic Gate C or T 13.63.02 LG For W S ae 2 a 
Me an. Dhiba 
Be a | ; E Ch Reset 
oN | E Ch Sel Any Buff | i. | 
f = : e: » SE Chy . 
Buff End of Tran > , eA A Eerenec ion 
a . E Ch in Proc | . . 
Not 1401 Mode 
Not E Ch Ready Bus 
. First CP 
| E Ch Reset | | 
| E Cycle ere | 
; | B Ch GM-WM | | End of Record 
| oo ges | 13.63.01 7 
E Cycle . % 
B Ch GM-WM _E Ch Reset 
-_ | LG F a ee : ; | | 
: Not 1401 Card Print in Proc E-2 Reg Full _ 1415 | 
: E Ch Strobe : Indicator 
R Symbol OP Mod 
=_— W. Symbol OP Mod | 
: | ~_E Ch Second Addr Tran : Ghee HG | | ; 
: | | | | : - EChWLR | | 
Q Int EOT Del | | J&€ = : | a es 
ro | | : Status Sample B S. | 
| eS () cal cet 13.63.03 
eon LGZ ao : fist cp ae i | i 
: es | E Ch Reset | 
—_ Not E Ch Second Sample B First cp . 
Not E Ch Status Sample B 
; oe Input Mode , a ; . saat 
~EChin Proc. ; , : 
Lat Not Int End of Tran Hi ela Re a 
f* Not E-1 Reg Full | —* Overlap Circuit 
Not E-2 Reg Full © ; ** Forces an E cycle to check 
for a B-Channel GM-WM 
‘i nel ee ee nce ae ee, 
aT 1 : am 
Logic Gate ! A | B ! Cc | D : E : é ! A | l 
_ | | | 
| Endiof §- Hy ape pa | | be ak 
| | 
os et eee ae, ee [ 
: | | Ext End of Tran. ae ae 
. | ee eee oe | | | | 
; | = | "End of Record | 
a ce ks ce ; +. 2 ey 
Figure 38. Channel Wrong Length Record 
_ a 
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1-0 Sequence 


overlap. For the F-channel, the characters used are the 
asterisk (*) and the lozenge (1). 
If the instruction is an overlapped instruction for 


the E-channel, the Ear is set with the instruction ad- 
dress by mixing the output of the 1-o commercial at 


latch with “B-chan not wm-bit,” “2nd address,” oc 

“insn Ro gate” (logic 14.71.15). 

At I-12 time, the E-channel overlap in process latch 
sets by mixing the 1-o commercial at latch output with 
“E ch status sample A delay” and “E ch no status on” 
(logic 13.50.01). As long as the E-channel overlap in 
process latch is on, another E-channel instruction or 
F-channel unoverlap instruction cannot be executed. 
_ When the 1-0 data transfer operation begins, the 
channel controls bring up “E-cycle required” (logic 
12.12.62), requesting that the cpu take an E-cycle. The 
channel controls also cause “compute disable” to come 
up which interrupts the logic clock ring. by not allow- 
ing logic gate A to come on (logic 11.10.10). “E-cycle 
required” permits the extension clock ring to start 
when logic gate Z comes on (logic 11.10.20). 

For output cycles, “E cycle required” (logic 
12.12.63) is set by aNDing “E ch output mode” with “not 
E-2 reg full’ on logic 12.12.63. For input cycles, “E- 
cycle required” is set by anping “E ch input mode” 
with “E-1 reg full.” “E-cycle required,” then, sets just 
as E-1 transfers to E-2 when in output mode, and just 
as E-1 transfers to E-2 when in input mode. Data flow 
through E-1 and E-2 is discussed in the Channel Data 
Registers section. 

Only one clock may run at any given time. During 
overlap execute cycles either the extension clock runs 
to time the E- or F-cycles, or the main clock runs to 
time the compute cycles taken between the E- or F- 
cycles. 

To insure that each channel gets serviced often 
enough to complete an overlapped instruction success- 
fully, priority is assigned to the E-channel, followed 
by the F-channel. Compute cycles are taken only when 
the channels require no service. 

A branch on channel status cannot be made until 
the 1-0 instruction is complete because “compute dis- 
able ” is brought up by mixing “I-ring 5” with “E ch 
in process’ and “branch on status chan 1” (Figure 117). 

Some general rules concerning processing overlap 
are: : : 

1. Only one 1-0 unit can be operated per channel 
at any given time, whether or not overlap mode is 
_ being used. 

2. If one channel is operating in overlap mode, the 
other channel may not operate in unoverlap. However, 
both channels may operate in overlap. mode simul- 
_ taneously. 

3. Status indicators should be tested for the last 
1-0 instruction before. executing another 1-0 instruction. 
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If program attempts to check the indicators before the 
channel operation is.complete, “compute disable” in- 
terrupts the program until the channel operation is 
finished. 

4, The E-channel has priority unless the last cycle 
was an E-cycle. 


5. A $ or X d-character is effective only with an un- 


overlapped command. For example, an overlapped 
read command using an § d-character is treated as an 
overlapped read command with an R d-character. 
Figure 13 illustrates a typical application of proc- 
essing overlap. A reel of tape on the E-channel is being 
copied onto a reel of tape on the F-channel. The read- 
ing and writing is done in overlap mode so that the 
time between the E- and F-cycles can be used to move 
the data from an input area of memory to an output 
area. Refer to Figures 115, 116, 117, 119, and 120 for 
overlapped read command with an R d-character. 


Service Note 


Because close timing conditions occur in the areas 
listed below, excessive delay or accumulated delays 
in the logic circuits may cause machine failures. 


CHANNEL REGISTERS AND CONTROLS 
-E-cycle required - 

F-cycle required 

E-cycle control 

F-cycle control 

Address channel 


I-O No-Op Command 
1BM 1410 Data Processing Systems equipped with the 
processing overlap feature often have the priority 
feature as well. Systems equipped with the priority 
feature may use an I-O no-op command, which is a 
standard M/L command with special d-characters. For 
example: 
M/L xxx BBBBB b 

Q = Input mode 

V = Output mode 
The 1-o no-op command permits setting of channel 
status indicators without transfer of data (Exception: 
In a disk storage operation, an address transfer opera- 


_ tion may occur.) Except for disk storage operation, the 


I-O no-op operation is always terminated at the end 
of I-phase, and only A-status channel indicators can be 
set. Figure 105 shows the condensed logic for termina- 
tion of an 1-o no-op command. “Q + V Symbol op 
mod” ANp’s with “not E ch sel unit F” and “E ch status 


sample A” to set the cir latch. The output of the cr 


latch brings up “any status on” which develops “last 
execute cycle * 1-0” (Figure 120). 


_ During file operation of the 1mm 1405 Disk Storage, 
“status sample A” does not occur until the end of first 


address transfer (Figure 101). At that time, the opera- 


tion is terminated (by turning on the cir latch) for 
any of the following lines that are active (Figure 105): 
Q + V symbol op mod 
E-channel check bus 
E-channel unit number 0 


During 1301-1311 operation, “status sample A” occurs 


at the normal time (I-12). If no status indicators are 
turned on at status sample A time, a channel in process 
latch is turned on and second address transfer occurs. 
(There is no first address transfer in 1301 operation. ) 


At the end of second address transfer of an 1-0 no-op - 


command, the 7631 (1301 control unit) generates “1301 
end of operation” which turns on the external end of 
transfer trigger to end the operation (Figure 101). 


Summary: Use of the |-O No-Op Command 
With other than disk storage devices 


1. No data transfer occurs 

2. No E-phase occurs 

3. Only A-status indication may be set 

4, Operation is terminated at end of I-phase. 


With 1405 Disk Storage 


. No data transfer occurs 

E-phase does occur 

. First address transfer follows I-phase 

. Status sample A occurs at end.of first address transfer 
Only A-status indicators can be set 

. No channel in process latch is set 

. Operation is terminated at end of first address transfer. 


With 1301/1311 Disk Storage 


. No data tanster occurs 

. Status sample A occurs at end of I- phase 

E-phase occurs (if no status indicators on ) 

A channel in process latch sets (if no status indicators on) 
. Second address transfer occurs 

. Operation is terminated at end of address transfer 

. Status sample B occurs at end of address transfer 

. Both A-status and B-status indicators can set. 


Refer to IBM 1411 Processing Unit Instructions 
and Special Features, Customer Engineering Instruc- 
tion-Reference Manual, Form 223-2698, and IBM 
1410 Priority Feature, Systems Reference Library 
Publication, Form A22-0530, for additional eyerne son 
on the 1410 priority feature. 


WO OR De 


CANOMUAR WD HY 
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1411-1402 Reader Operation 


For ease in understanding the following operations, 
you should be familiar with the information in the 
Input-Output Principles of Operation, Channel Data 
Register Controls, and I-O Sequence sections of this 
manual. mh | 

Information on the operation of the 1mm 1402 Card 
Read Punch and the 18m 1414 J-O Synchronizer is 
contained in IBM 1402 Card Read Punch Customer 
Engineering Instruction-Reference Manual, Form 231- 
0002, and IBM 1414 Input-Output . Synchronizer, 
Customer Engineering Instruction-Reference Manual, 
Form 223-2590. , Me eee 

Two commands are used with the 1402 Reader: © 
Read a card Mnemonic: R (move mode) RW (load mode) 
Example: M% 1002000R 

Transfer buffer data to the CPU; take a card-feed cycle and 

reload buffer | 

Example: M%1902000R 7 

Transfer buffer data to the CPU (no card-feed cycle) 
Select stacker and feed Mnemonic: SSF 


Example: K2 % o: 
Take a card feed cycle and load the buffer 


Reader Move or Load Command 


For instructional purposes, the diagrams are referred 
to at the appropriate points in the text. For reference 
purposes (trouble-shooting) refer to Figures 34, 39, 
40, 41, 42, and 43. 


INSTRUCTION FORMAT: O XXX BBBBB R 


Figure 44 shows the instruction format for a reader 
move or load op code. The hundreds position of the 
X-control field must contain one of these four char- 
acters or an instruction check occurs at the end of I- 
phase: | 


Percent sign % _ E-channel unoverlap 
Commercial at @ E-channel overlap 
Asterisk sg F-channel unoverlap 
Lozenge O F-channel overlap 


The units position of the X-control should contain 
one of these four characters: 


0 Stack card in the normal read (NR) pocket 

1 Stack card in the 1 pocket : 

2 Stack card in the 8/2 pocket | | : 

9 Transfer buffer data to CPU — Do not feed a card 


If a read check occurs, the stacker select latches are 
reset and the error card is stacked in the normal read 
(NR) pocket. | | 

_ The d-character must be one of the two following 
characters or a channel not ready indication occurs: 
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va 


1414 (See ALD 51.43.20 for priority feature lines) — «14N 


51.40.01 Unit 1 Select to |-O 
an CPU to I-O Sync | 
52.13.01. 15.60.31 
51.40.18 Buffer Read 12.62.01 
51.40.19 |. Buffer Bus im, 2 12.62.02 
51.40.20 . - Buffer Condition - 12.62.03 
: : E-Channel Input Mode ; 
51.40.02 *Read from Buffer to Buffer 15.62.01 
51.40.04 Ready to Buffer 13.70.04 
I-O Sync to CPU a 
51.40.11 15.60.01 
51.40.43 Buffer Strobe 15.62.03 
51.40.21 Buffer Error 12.62.03 
51.40.12 Buffer No Tran Condition 13.72.04 
51.40.12 | Buffer End of Tran 13.42.11 
| Correct Transfer 
51.40.04 to Buffer 13.70.04 
51.40.06 *Reset CPU Reset Sel Buff Latches 13.70.04 
51.40.01 Stack Select to Buffer (Kd Op Code) 13.70.04 
51.40.50 Forms Stacker Go 13.70.04 
*Comp Reset Comp Reset to Buffer 12.65.03 


*Line name changes at terminator 
— circuit in the 1414 Synchronizer 


Figure 39. Channel Lines — Reader 


R Set input (read) mode and accept channel input 
_ characters until a GM-WM is sensed .(read out of 
storage) or the end of storage (wrap-around) is 
sensed. 

$ Set input (read) mode and accept channel input 

characters until the end of storage is sensed. 
A dollar sign d-character is used to permit reading 
GM-wM characters into 1411 core storage without 
clearing the input field between read commands. A cm- 


wn character read into 1411 core storage could cause 


a premature termination of data transfer on the fol-_ 


lowing read command if an R is used as the d-char- 
acter. | 

If the reader terminates data transfer before the cru 
senses a GM-wM or the end of storage, the end of trans- 


as 


I-3 


=| Master Eror 


1402 Reader 


Move or Load 
Op Code 


See Figure 42, Sheet 1 


Read Out. 
Instruction 


On Channel Interlock Off 
Channel Reset |——— ]J-4 


Ready | . 
_ Busy f Sample the — I-12 (Status Sample A). 
Condition A-Status Buses 


Proceed with - 
Stored Program 


Yes Any Status No ._ Proceed with 
Indicator On - E Phase 


(Status Sample A Delay) 


See Figure 42, Sheet 4 


Sample the _— — Status Sample B ~ 
B-Status Buses : 


Last Execute Cycle 


CPU Proceeds : 


with Stored Program 


Figure 40. 1411-1402 Reader Operation — Basic Logic | 


Yes End of Transfer 


oer rr = rer ee 0 rere tt 


ee ee —— eS 8 GEERT 0 eenemmenee 


Transfer Buffer 


Char to Channel 


Process Char 


Through Channel 
Data Registers 


Request a CPU. 
Input Load Cycle 
(E Cycle) 


CPU Input Load 
Cycle (E Cycle 


is 


See Figure 42, Sheet 5 


See indicated figures for a more 
detailed flow chart 


141 1-1402 Reader Operation 
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See Figure 34 for detailed 
flow chart of M/L Instruction Read-Out 


1402 Reader 
Move or Load 
~ Op Code 


When either the E Channel Move Mode Latch or the 
E Channel Load Mode Latch Is On, the Channel One 
Interlock Indicator Glows (White) on the 1415 Console. 
An I/O Interlock Check Occurs If the Channel One Inlk 
Is On When Another E Channel Operation is Attempted. The 
\ Channel Interlock Is Turned Off By a Programmed Test 
of the Channel Status Indicators 


Channel I/O ~ {E Channel Ind Must Have Been Tested cae ee 
Interlock Test By Program Since Last E Chan Command/ 


ao 


Channel One 
: N 
; = Interlock On? = 
15.62.02 


Resets Chan 

ae ia Set I/ O ; Controls and Status cae one 
tes Interlock Check : 15.41.12 Latches -- See 
Glows (Red) 18.14.11 | {\ndicator 2 
onl415 Console —— , on 1415 IgUIe 
Console Select Unit 1 : 1-4 
Master Error Stops ; | (Card Reader) 9 --— — — — — — ——  —— — 
CPU at I3 13.50.03 | 
| 18.14.08 — , ‘ 
oe 11.10.02 Char Is Also 


Put Stacker 
Select Character 


Set into Unit Num 
Reg but Reg Not 
Used in Reader 


Op 


eZ on E Channel 
on 15.62.04 


See Figure 32B 
For Channel Data 
Reg Control 

During I Phase 


Char Remains in 


E2 but E2 Full 


A 
= ss ba ___| Latch is Reset to I-6 
atc : Se 
15.41.10 . Prevent Storing 


Stacker Char as 


: First Data Char 
Enter B-Address Into | 
B AR (Unoverlap) &--— —- — — — — — — 
E AR (Overlap) 


Overlap - eee Unoverlap 
2— Unoverlap 


Lights the Chan 
One Read. 

Indicator on 

1415 Console 


Set E Channel : : 
—- Input Mode Latch SS SS a es a ee es 
15.62.01 : 


M_ — . Op Reg © L 
Mor L 


Lights the 
Channel One Inlk 


Indicator on 


1415 Console 


Lights the 
Channel One Inlk 
Indicator on 


1415 Console 


Yes /Reader Not Ready \__No ; Status Sample A 
ndicator Set E Channel Not . Yes Reader Busy No 
Ready Status Indr | 
Console 12.62.01 Indicator Set E Channel Busy No 
on 1415 Status Indicator 52.11.01 


Status Sample A Delay - 


Set E Channel 
Load Mode Latch 
15.62.02 


Set E Channel 
— Move Mode Latch 
15.62.02 


-Set E Channel Cnd 
Status Indicator 
~ 12.62.04 


Any E Channel 
N 

Bh Status Indicators On sae Do E-Phase 
/ \ 13.72.05 

Last Execute Cycle . 
. 13.65.07 (Bi) 

Read Out Next : To Sheet 2 
Sequential Instructio 


Indicator 
on 1415 
Console 


Turn Off Reader 
EOF Latch 
52.11.01 


Reset Sel 
Buffer Latches 
13.70.04 


E Ch Cond 


Figure 41. 1411-1402 Reader Operation — Logic Flow (Sheet 1 of 5) 
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Select E Channel |. _ Channel Select Character Selects | I-3 ; 
13 50 01 Overlap or Unoverlap Op ; _— oo errr ee ——- 


(81) From Sheet 1 


(cl) To Sheet 3 


Figure 41. 1411-1402 Reader Operation — Logic Flow (Sheet 2 of 5) 
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Set E2 Reg 
Full Latch 
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Input Data Cycle 
(E Cycle) 


Parallel Operation [-- 


(c1) To Sheet 3 
i. 
Buffer and Ch Reg 
“\_Op Continue 


(83) From Sheet 3 
7 fo 


If CPU has overlap 
feature E1 full signals 
CPU to take an 
E cycle 


-"E Channel Ready B 


12.12.63 


Unoverlap Unoverlap Overlap 
oT Ocsitse 
Set E Ch Set E-Ch 
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13.60.04 13.60.04 AS 
Blocks Logic Compute Last Execute 
saul ea . —-—| Disable Cycle ‘Cycle I-O 
my wt Pere "2.12, 13.65.07 
a Required paid oe 
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Set I Cycle 
Se ge get Ctrl Latch 
a 12.12.23 
{ oe ‘ i ae 
Parallel Operation 
perations are shown serially to simplify following the flow chart) 
gos ~~ Buffer Op | : CPU Op 
Buffer Begins Ch Operates 
ae og oe 80 Successive on Request from 
Cycles Input Device 
Request Read 
Transfer Scan Set E Chan 
52.10.09 Strobe Trigger 
oo 15.62.03 
: Transfer Scan Ye 
Request Granted ; Set E Chan Clocked 
52.10.02 Strobe Trigger 
15.62.03 
Wait : 
~~ oe ee SD ares Tle 
fl 15.41.10 
Ye E2 Char A 9 No i 
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oo Proc if E 1 seer 15.62.04 
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Set Buffer Rings of 15.62.03 
to Address Pos 00 : 
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Buffer Position 
E Chan 
Place Char on Word Sep Mode 
Chan Input Lines 15.62.02 
Re 51.40.11 
-_ . E Chan Word 
Buffer Strobe Sep (On Input Date 
51.40.43 Lines) 
15.41.01 
a Parallel Operation 
! Reset E] Reg Set El Reg 
. Word Sep Latch © Word Sep Latch 
Buffer on ; 15.41.11 15.41.11 
O Reg 
p Op | 
an E2 Reg Word | E2 Reg Word 
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\ 
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Buffer Op - . - 
fr ™ Continues Bring Up Copy Bring Up Copy Bring Up Copy 
E1 WM and C Bit lnvert WM and C Bit El WM and C Bit 
\ 15.62.06 © 15.62.06 15.62.06 
= \ — 
os : ‘ Bring Up C 
—. \ ring Up Copy 
: El Reg BCD to E2 } (82) 
~ 15.62.06 
\ 
a6 oN 
fp Advance Buffer 
Rings 
No End of Scan Yes 
51.32.01 . ss, 
a Send Buffer-End-. Sets Ext End of 
A Ring Adv of-Transfer Signal | _ _/ Tran Trigger in 
with Rings at 79 to CPU a ‘CPU 
Turns On End of 51.40.12 13.42.11 
Scan 
ye 


1411-1402 Reader Operation 51 


@) From Sheet 2 
Overlap Overlap Unoverlap 
eek | 


No /E1Full& NotElWS\ Yes | f Brings Up \ 
15.41.10 Compute Disable 
12.12.60 


Int End of Trf 
13.63.01 


Yes 


E2 Full No : | os 
15.41.10 
Int End of Trf ~ 


13.63.01 


Take Compute 
Cycle 


Take F Cycle 
a, (if required) 


No/ Ext End of Trf 
To Sheet 2 (83) 13.42.11 
Y e 
No Int End of Trf 
From Sheet 4 ©) 13.63.01 
Yes El Not Full 
and 
E2 Not Full 
Set Last Input Cycle 


| Latch 
13.63.02 


@ es Int End of Trf No 
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No 


es 
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Cycle to Test for A 
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E Ch Ready C 
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12.12.62 


Overlap ~ One Unoverlap 
Unoverlap 


Computer 
End of Cycle 


F Cycle Required 


Last Cy an E Cycle 


Set E Cy Ctrl 
Take an F Cycle : 12.12.66. 
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Figure 41. 1411-1402 Reader Operation — Logic Flow (Sheet 4 of 5) 
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From Sheet 3 or 4 
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Figure 41. 1411-1402 Reader Operation — Logic Flow (Sheet 5 of 5) 
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Figure 43. Channel Register Operation — Reader 
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Figure 44. Reader Move or Load Command 
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fer signal from the reader causes the cpu to end the 
I-O operation. 

If the op code character is an M, specifying move 
mode, the data in the reader buffer transfers as is to 
the cpu. That is, word separator characters are trans- 
ferred, unchanged, just as any other character. Exist- 
ing word marks in the input field are undisturbed. If 
the op code character is an L, specifying load mode, 
a single word separator character on the channel input 
lines is converted into a word mark and placed over the 
next input character. Two successive word separator 
characters from the reader buffer appear as a single 
word separator character in the 1411 core storage. In 
load mode operation, existing word marks in the input 
field are removed. | 

If the character in the units position of the X-control 
- field is a 9, data transfer from the buffer to the cpu 
but no card feed cycle occurs and the old data remains 
in the buffer. The same data can be transferred re- 
peatedly to the cpu but a channel no transfer indica- 
tion will occur for all transfers except the first. If the 
character is other than a 9, the transfer of data is 
followed by a card feed cycle and the buffer is loaded 
witi new data as the card passes the read station in 
the 1402 reader. 


Il-Phase Sequence 


Details of 1-0 instruction read-out are presented in the 
1-O Sequence section. See Figure 34. 

Instruction read-out causes the instruction word 
characters to be placed in the various registers to 
control the execution of the read command. An M or L 
in the op register brings up the following op code 
grouping lines: 

M or L op codes 

Percent type op codes 

Address type op codes 

Two address op codes 

2 address plus mod op codes 

No index on Ist addr op codes 

No branch op codes 

Not address dbl op codes 

_I-Op Time: The op code character reads out and is 

set into the op register, bringing up the appropriate 
op code grouping lines. The output of the op register 
is used later in I-phase to gate the turn on of the chan- 
nel move mode or load mode latch. The channel se- 
lect registers (both E-channel and F-channel) are 
reset at logic gate E. 

I-1 Time: The special vee control latch turns on 
to gate two extra advance pulses (logic gate C and 
logic gate D) that advance the I-ring to I-3. 

I-3 Time: The channel select character is set into the 
1-o channel select register. With a channel selected, 
the 1-0 Interlock test is made to see if the stored pro- 
gram has interrogated the channel status indicators 
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since the last command to the selected channel. A 
satisfactory interrogation of the indicators resets the 
move (or load) mode latch. Therefore, if the channel 
move mode or load mode latch is still on, the system 
check 1-0 Interlock indicator is turned on, master error 
becomes active, and the cpu stops at I-3 time. 


I-4 Time: A channel reset is generated to reset the 
control and status latches for the selected channel 
(Figure 17). The unit select character reads out and 
is gated into the channel unit select register. A 1 in 
the register gates the reader status to the channel 
status buses later in J-phase when the input mode latch 
is turned on. 


I-5 Time: The unit-number character reads out and 
is sent to the channel registers and appears on the 
channel output data lines. The data lines are sampled, 
during E-phase, by the reader synchronizer to condi- 
tion the card stacker selection and card feed circuits. 
The character remains in the channel data registers 
(E-1 and E-2 or F-1 and F-2) until the first data 
character is received on the channel input data lines. 
The E-2 (or F-2) Full latch, however, is reset at I-6 
time to prevent the unit number character from being 
transferred from E-2 (or F-2) to 1411 core storage as 
the first input data character. (During input mode, 
‘E-2 reg full” calls for an input load cycle E-cycle to 


transfer the character in E-2 into 1411 core storage.) 


I-6 through I-10 Time: The B-address reads out and is 
placed in the B- and D-address registers. If the com- 
mand specifies overlap, the B-address is also placed in 
the E-address register (E-channel operation) or the 
F-address register (F-channel operation ). 

I-10 Time: During an unoverlapped operation, the 
computer is interrupted (disabled) at I-10 time if the 
other channel is executing an 1-0 operation. In other 
words, an unoverlapped operation cannot be started 
if an overlapped operation is in process. The computer 
is kept disabled only until the channel in ae com- 
pletes its operation. 


I-11 Time: The op-modifier character reads out and 
is set into the op-mod register. Because of the proc- 
essing overlap feature, the op-mod register, op register, 
and the 1-o channel select register must be free to 


accept characters of the next instruction word. There- 


fore, the information in these registers must be stored 
in the channel control latches. 


During I-11 time, the R (or X) in the op-mod regis- 


ter gates the set of the channel input mode latch (E- 
channel) or the channel read latch (F-channel). The 


output of the latch lights the read indicator, for that 
channel, on the 1415 console. 

The output of the input mode latch is also sent to the 
1414 synchronizer as “input mode to buffer” where it 
Anv’s with “unit 1 select to 1-0.” The resulting signal, 


“select unit 1,” gates the reader and buffer status to 
the channel status buses. (Figure 102). 


Within cpu, “input mode” gates the E-2 register to 


the A-channel. It also ANp’s with “E-cycle” or “F-cycle” 


to produce “input cycle” (ap 13.60.06). “Input cycle” 


conditions the assembly controls and develops “load 
memory’ (ALD 12.50.01). If the B-channel is not a 
GM-wM, “input cycle load” becomes active to gate the 
input character from E-2 into 1411 core storage ( ALD 
12.50.01). 

I-12 Time: I-12 is last instruction read- out t cycle dur- 
ing which the channel move or load latch is set, accord- 
ing to the character in the op register. The status 
sample pulses are generated during J-12 time. 

Last Execute Cycle: During last instruction read out 
of an overlapped command, “last execute cycle *I-O” 
becomes active, gating the set of the I-Cycle Control 
latch (Figure 120). 

Status Sample A: This pulse occurs at logic gate D 
of I-12 time and it is used to sample the A-status buses. 
Condensed logic (Figure 101) shows generation of the 
status sample pulses. | 

Status Sample A Delay: This pulse. occurs at logic 
gate E of I-12 time and it is used to sample the output 
of the channel status indicators. If any status indicators 
are on at status sample A delay time, the operation is 
terminated (no E-phase) and the program proceeds 
to the next sequential instruction. | | 


I-Phase Channel Status Indicators 


Channel status indicators that can be set at the end 
of I-phase (status sample A time) are referred to in 
this manual as A-status indicators. For an M%10 or 
an M%19 op code, the A-status indicators for the 
reader are: 


Not Ready (Requires manual intervention ) 
Busy Reader is reloading the buffer 
Condition 7 Reader end of file 


Only one of the above indicators can be set during a 
given command, in the priority shown. If no status 
indicators are set, “status sample A delay” turns on 
one of the four channel in process latches, according 
to the character in the 1-0 channel select register. 


Percent sign % E-channel unoverlap in process 
Commercial at @ _ E-channel overlap in process 
Asterisk - F-channel unoverlap in process 


Lozenge F-channel overlap in process 


TO 
Each latch has an indicator on the 1415 console. If the 


read command specifies overlap, the cpu proceeds with 
the next sequential instruction after setting a channel 
in process latch. If any status indicator was turned on, 
the cpu does not execute the read command and pro- 
ceeds with the stored program. 

_ If no. “channel in process” latch is set to bring up 
“compute disable cycle” (Ap 12.12.60), the logic gate 


ring will continue to run. With no cycle control latch 
on (ALD 12.12.46), an instruction check occurs. 

Not Ready: Figure 103 shows the reader status ioe 
to the cpu by “select unit 1.” In cpu, “buffer ready” i 
gated to the channel ready bus by “E-channel ae 
any buffer.” With the ready bus active, the input to 
the channel not ready latch is blocked, preventing the 
status sample A pulse from turning on the latch. 

Busy: Figure 103 shows the reader busy status gated 
to the cpu by “select unit 1.” If the reader is busy, 
the channel busy bus becomes active, aANDing with 
“E-channel ready bus” and “status sample A” to set 
the channel busy indicator. 

Condition: When the end of file latch in the 1414 is 


“on, the data from the last card has been transferred to 


cpu and the last card has been stacked. “Select unit 1” 
gates the output of the end of file latch to the cru as 
“buffer condition,” making the channel condition bus 
active (Figure 89). At status sample A time, “E-chan- 
nel condition bus” ANp’s with “not file op” to set the 
channel condition latch. The cpu sends reset select 
buffer latches to the 1414 synchronizer to turn off the 
end of file latch (Figure aa 


E-Phase Sequence 


During E-phase, the cpu asters characters from E-2 
(or F-2) to the 1411 core storage on request from the 
channel controls. Use Figures 40, 41, and 44 to follow 
the data transfer operation. 

~ Channel In Process Latch: With no status indicators 
on at the end of I-phase, one of the four channel in 
process latches is turned on. The latch output ANn’s 
with “input mode” to turn on the E-channel ready 
latch (assume an E-channel operation). Note that this 
latch has no connection with the channel ready bus 


that is sampled to set the not ready status latch. The 


output of the E-channel ready latch brings up the 
“ready to buffer” line to the synchronizer. 

E-Channel Ready Latch: The output of the latch, | 
“ready to buffer” turns on the ready 2 latch in the. 1414 
synchronizer. If no scan is in progress, the ready 1 
latch is turned on and the output ANp’s with “reader — 
ready,” “reader not busy,” and “select unit 1” to turn 
on the read transfer request latch. (See the appropriate 


condensed logic diagram in the IBM 1414 Input- 


Output Synchronizer, Customer Engineering Instruc- 
tion-Reference Manual, Form 223-2590. ) 

Read Feed Latch: When the synchronizer buffer 
priority circuits honor the read transfer request, “read 
transfer scan” becomes active, AND’s with the unit num- 
ber character not a 9 and other conditions to bring up 
“set read feed latch.” The output of the read feed 
latch provides a gate for the read feed trigger to be 
turned on with a 1402 reader cB impulse (—W Proc 


- Feed). The output of the trigger energizes the reader 
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card feed clutch magnet to initiate a feed cycle. Note 
that the card feed cycle is initiated before the data 
transfer from buffer to cpu. Due to the delay in the 
card feed clutch and. magnet operation, the data 
transfer is completed long before the card ak 
mechanism is set in motion. 

- Stacker Select Latches: The line “set read feed latch” 
described earlier, is used to set the stacker select 
latches. The 1-0 channel output data lines are sam- 
pled and the appropriate latches are set. __ 

Read Priority Request Trigger: “Read transfer re- 


quest,” developed earlier, provides a gate for the © 


turn-on of the read priority request trigger. The out- 
put of this trigger ANp’s with not “some scan” to gate 
the turn-on of the read scan trigger, which starts the 
buffer operation. | 

Channel Operation: During each buffer cycle, a 
character is read out of the buffer and placed on the 
channel input data lines. A strobe signal generated 
by the synchronizer causes the channel controls to 


sample the input data lines and set the data into E-1. 


The character transfers from the E-1 register to the 
E-2 register under supervision of the register transfer 
and data flow controls. 

Unoverlapped Operation: The crv is idle (logic 
clock ring is disabled) except when the channel con- 
trols request cpu to take an 1-0 data cycle (E-cycle) 
to transfer an input character from the channel regis- 
ter to 1411 core storage. 

Overlapped Operation: At the end of phase of 
the read command, the cpu proceeds with the next 
sequential instruction. Processing (computing) con- 
tinues until the channel controls request the cpu to 
take an 1-0 data cycle to transfer a character from 
the channel register to 1411 core storage. Computing 
is interrupted (disabled) while the cru stores the in- 
put character. Computing is then resumed (Figure 
113). 

External End of Trties Trigger: Once the buffer 


operation is initiated the operation continues until — 


all 80 characters have been transferred to the input 


data lines. The synchronizer signals cru that the trans- © 


fer is complete by generating “buffer end of transfer” 
which turns on the external end of transfer trigger in 
the cpu (Figure 100). If the ready bus becomes in- 
active during a buffer transfer operation, the external 
end of transfer trigger is turned on Uae See 
Figure 36. 

Internal End of Transfer Latch: A cm-wm in the 
input field, or a core storage wrap-around condition, 
turns on the internal end of transfer latch, blocking the 
cpu from taking any more 1-0 data cycles. With the 
GM-wM correctly positioned in the input field, the ex- 
ternal end of transfer trigger is ae on before the 
internal end of transfer latch. 
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Last Input Cycle Latch: If the internal end of trans- 
fer latch is off during the 1-o data cycle that stores 
the last input character, “E-cycle required” becomes 
active. This forces an extra E-cycle to check for a 
GM-wM in the input field. During this extra E-cycle, 
the last input cycle latch is turned on, forcing on the 
internal end of transfer latch. If a GM-wm appears on 
the B-channel, the end of record latch is turned on. 


The wrong length record status indicator is sub- 


sequently turned on if the end of record latch is not 
turned on (Figure 100). See the I-O Sequence section 
of this manual. _ 

Status Sample B Trigger: With both the external 
end of transfer trigger and the internal end of transfer 
latch on, the status sample B trigger is turned on at 


the end of the last 1-o data cycle (E-cycle). The trig- 


ger is on for two clock pulses and the output of the 
trigger is used to set the B-status channel indicators 
(Figure 101). 

Second Sample B Trigger: This trigger is turned on 
the next 1st clock pulse after the status sample B 
trigger is turned on. The trigger is on for two clock 
pulses and the output of the trigger is used to sample 
the outputs of the B-status indicators. 


Status Sample B Delay Trigger: This trigger is 
turned on the next Ist clock pulse after the second 
sample B trigger is turned on. The trigger is on for 
two clock pulses and the output of the trigger is used 
to reset the channel in process latch. 


E-Phase Channel Status Indicators 


Channel status indicators that can be set at the end of 
E-phase (status sample B time) are referred to in this 
manual as B-status indicators. For an M%10 or an 
M%19 op code, the B-status indicators for the reader 
are: 


Figure 104 (condensed logic ) 
Figure 45 (simplified logic ) 
Figure 46 (condensed logic ) 

Wrong Length Record Figure 105 (condensed logic ) 
See the status indicator chart, Figure 86. 


Data Check: This indicator can be set in two ways 
during input operation: 


Data Check 
No Transfer 


1. If a parity error character is detected on the A- 
channel during an 1-0 data cycle (E-cycle), the data 


check indicator is turned on immediately. 


2. If the read check latch is on in the 1414 synchro- 


nizer, the output of the latch is gated to the channel © 


check bus and status sample B turns on the data 
check indicator. 

No Transfer: Primary use of this adnate during 
reader operation is to detect unusual programming 
sequences, although a machine malfunction may also 
cause a no transfer indication. A programming se- 


Status Sample A Delay Time 5 
Multi Read | _ Kd Op Code 
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(No Name) 


oh | = —_ ECh Reset 
Second Samp > ~ Not Multi Read 
51,40.12.1 Not Kd Op | 1411 
Select Unit 1 teas pie, cee a gs ee 
, | 1414 
End of Xfer 1 090 - 100 End of Xfer 2 
L * Turns on only for M%19 Op's 
Tran Scan L > ; 
51.40,12.1 Not Tran Scan | 51.40.12.1 | 
Status Sample B Delay q 7 
z i ( . 
Figure 45. Reader No Transfer — Simplified Logic 
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1411 | 1414 
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E Ch WLR 
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Not E Ch Data Chk 51.40.04 (No Name) 


E Ch End of Record | : 
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Not E Ch Strobe Tgr a 
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_ 2 Char Only Op 
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Rd Fd Tgr L 
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3 
Rd Tran Req 


Not Stacker Sel 
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Buffer No Tran Condition 
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13.72.04 - 


E Ch Reset 


Stacker Select Op > 


Select Any Bfr 
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Figure 46. Reader No Transfer = Condensed Logic 


Sample A 
E Ch Ready Bus 


Not Busy Bus 
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quence for the reader that produces a no transfer in- 


dication must have one of these two reader op codes: 


M%19 Buffer to CPU data transfer (no card feed cycle) 
Kd Select a stacker pocket, feed a card, and load 

the buffer (no buffer to CPU data transfer) 

The principle of the no transfer indicator for reader 
operation is simply this: Commands to the reader must 
result in alternate buffer to cpu data transfers and 
reader card-feed cycles. Any combination of op codes 
that command two buffer to cru data transfers with- 
out a reader card feed cycle between the data transfers 
will result in a no transfer indication. If the reader is 
commanded to take two successive feed cycles without 
an intervening buffer to cpu data transfer, a no transfer 
indication occurs. Programming sequence 1, Figure 47, 
employs all three reader commands without producing 
a no transfer indication. Programming sequences 2 
through 5 show the four combinations of reader op 
codes that produce a no transfer indication. Note that 
multiple Kd op codes are not executed because the no 
transfer is recognized during I-phase (status sample 


At Status Buffer- Card- 


Op Set No Sample Command to-CPU Feed 


Code Transfer? A or B? Executed? Transfer? Cycle? 


Sequence | 


aa ae 
Sequence 2 ‘ 


Sequence 3 ‘ 
Sequence 4 ( 
Sequence 5 (" 


Figure 47. Reader Programming — Channel No 
| Transfer Indicator 


NS RN A 
Me | No |_| Ye | Ye | No 
mesi9 | Yes_| 8 | Yes | Yes | No 
SS NS EN (OE 
oi? | Ne || Ye_| ver | No 
IM%10| Yes | 8 [| Yes | Yes | Yes 


* (Assume that an R (1) GM instruction clears the interlock 
between read commands) . 
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A time). Multiple buffer to cpu data transfer, how- 
ever, are executed regardless of the no transfer in- 
dicator. 

Figure 45 shows the simplified logic of the no trans- 
fer indicator. Functional line names, rather than actual © 
line names, are used to simplify presentation. Actual 
line names are used in Figure 46. Programming se-. 
quence 2 in Figure 47 shows two successive Kd com- 
mands. After the first Kd command, the multi-read 
feed latch is on (Figure 45) (the latch stays on until 


a buffer to cru transfer brings up “read transfer re- 


quest”). When the next Kd command is given, the 
output of the multi-read feed latch is gated to the cru 
as “buffer no transfer condition.” At status sample A 
time, the channel no transfer indicator is set. There 
is no E-phase (data transfer) for a Kd op code and 
hence no status sample B time. Any status indicators 
for Kd commands are set at status sample A time. If 
the no transfer, busy, or not ready indicator is on, 
blocking the input to the forms-stacker go single-shot 
(ALD 13.70.04), the command is not executed. 
Refer to Reader Stacker Select and Feed Command 
section. 
Programming sequence 4 in Figure 41 shows two 
successive M%19 op codes. When the first M%19 com- 
mand is given, a buffer to cpu data transfer occurs 
and “read transfer request” turns the multi-read feed 
latch off. The inverted on output of the latch (Figure 
45) AND’s with “second sample B” and “end of trans- 
fer 2” to turn on the multi-read (no name) latch. Al- 
though the. output of the latch is gated to the no 
transfer status bus, the no transfer indicator cannot 
be turned on because “status sample B” is no longer 


_active. However, at status sample B time of the next 
M%19 command, the channel no transfer indicator 


is turned on. Figure 46 shows that the cru generates 
“correct transfer to buffer” (go) only if no channel data 
check occurred. Because of punch and printer opera- 
tion, a channel data check or a channel wrong length 
blocks “correct transfer to buffer” to prevent punching 
(or printing) the record transferred to the buffer. To 
permit recognition of a reader no transfer status during 
multiple buffer to cpu transfers of data check or wrong 
length records, the “reset select buffer latches” line 
(ALD 13.70.04) is sent to the 1414 synchronizer instead 
of “correct transfer to buffer.” Either line develops 
“reset CPU or go” to gate the set of the multi-read (no- 
name) latch (ap 51.40.12) during multiple transfers 


(Figure 46). 


Wrong Length Record: A GM-wM must appear in the 
8Ist position of the input field or a channel wrong 
length (wir) record indication occurs (Figure 100). 
A WLR indication has no effect on reader operation 
except through programming. See “Channel Status In- 
dicators” in the 1-o Principles of Operation section. 


ie 


Last Execute Cycle: “E-channel status sample B” 
AND’s with “E-channel unoverlap in process” to bring 
up “1-0 last execute cycle” and turn on the I-cycle con- 
trol latch (Figure 120). Status sample B delay resets 
the E-channel unoverlap in process latch, or the E- 
channel overlap in process latch. 


Reader Select Stacker and Feed Command 


INSTRUCTION FORMAT 


MNEMONIC 
Kd (E-Channel ) SSF 
4d (F-Channel) © SSF 


This op code causes the card reader to take a card 
feed cycle, read and check cards passing the read 
station and the read check station, and select a stacker. 
The card that is stacked on this card feed cycle is the 
card loaded into the buffer on the previous card feed 
cycle. 

Assume the operator has made the reader ready by 
loading cards into the hopper and depressing the start 
key. At the end of the run-in operation (three card 
feed cycles), card A (Figure 48) has passed the read 
station and is now at the stacker select station. Card 


B has passed the read check station and is now between 


the read station and the read check station. Card C 
is just entering the card transport area. Assume the cpu 
stored program issues an M%19 command. followed 
by a stacker select and feed command; for example: 


K2 Select reader stacker 2 and feed a card. 


During the resulting card feed cycle, card A is | 


selected into the 2 stacker and card B moves past the 
read station where the information in the card is read 
and sent to the read buffer. Card C moves past the 
read check station and another card enters the card 
transport area from the hopper. 


| A 0, 1, or 2, as the d-character selects the normal | 
read (NR), 1, or 2 stacker, Paes See Figures 49, 


50, and 51. 


Il-Phase Sequence | 
A K in the op register brings up the following op code 
grouping lines to control the operation: 


Not Addr Dbl Op Codes 

2 Char Only Op Codes 

No Branch Op Codes | 

Op Mod to A-Ch on B Cy Ops 

Regen Mem on B-Cy Op Codes 

I-Op Time: The op code character (K) reads out 

and is set into the op register, bringing up the op code 
grouping lines and the “stacker select op code” line. 
The channel interlock is tested to see if the stored 
program has satisfactorily interrogated the channel - 
status indicators since the last command to the chan- 
nel. If the interlock is on, “master error”. stops = 
cpu with the 1-0 interlock indicator glowing (red) o 
the 1415 console. “Stacker select op code” sets the 
E-channel input mode latch, which is used to gate 
the reader status to the cpu. 


I-1 Time: An E-channel reset is generated (Figure 
17) and a 1 is set into the unit select register (Figure 
51). The output of the unit select register switches 
with the output of the E-channel input mode latch 
to generate “select unit 1” in the 1414 synchronizer. 
“Select unit 1” gates the reader status to the channel 
status buses. The d-character is set into the op-modifier 
register and gated to the input of E-1. At the end of 
I-1 time, “logic gate early B or S” sets the stacker se- 
lect character into E-1. Normal register operation 
transfers the character to E-2, and it appears on the 
channel output data lines. 


80 Position 
Card Punch Buffer 


Hopper 
Blank 7 \ 


Figure 48. 1402 Card Transport 


STORAGE 
10K, 20K, 40K, 60K, 80K 


80 Position 
Card Read Buffer 


| Read 


Read Check Read 
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Set I/O Interlock 
18.14.11 — 


. Set K in Op Reg 
13.10.01-03 


Kd Op Code 


R(I)GM Given Since 

Last E Channel 
[/O Command 

15.62.02 — 


Yes 


Indicator Reset E Channel. Control 


on 


Fi 
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1415 


- and Indicator Latches 
15.41.12 


Ext Indicators must 

_ have been Tested by 
Program After Last E 

Channel |/O Command 


K Op Code Forces 


Select I/O Unit 1 
13.50.03 | —~ = "La 1 in Unit Sel Reg 


"Set Op Mod Ch in A 
Data Reg 15.39.01-08 


Gate A Ch Char 
(Op Mod) to E2 Reg | 


Gt Rdr Status to CPU 
Yes mE No 
Reader Not Ready 


Set E Ch Not Ready Latch 


Set E Ch Busy Latch © 
Set E Ch No Transfer Latch 


Transfer of Data Since 


Last Feed Command 


Yes / E Ch Not Rdy E Ch No 
Busy E Ch No Transfer 


Read Out Next Insn 


Read Out Next Insn 
Energize Rd Clutch and 
Stacter Select Magnet. 


Set Row Bit Cores 
Each Cycle Point ~~ 


; ~ 
Scan Rd Storage sa a | 
Each Cycle Point — 


gure 49. 1411-1402 Reader Feed Command Logic Flow 


~— 


— 


Status Indicators 
Tested Before 
Operation is Started 


‘Read Scans and Brush 
Impulses Initiated 
by Impulse CB's 


— 
—_ 


aN 


PROGRAM EC LEVEL 


SYNC 


| 90001 ko 1411 249906 
| (with Accel Feature) 


1414 113756 


Address Switches 0001 7 


00003 §0000 1¢ 
00010 400001 b 


00017. 
*(11D3 K23 Pin B floated. ALD 13.70.04) 


ALD LINE . ALD PAGE TEST POINT 
1. +S I-Ring Op Time 11.20.01. 11C1 HOZA. 


2. +S I-Ring 1 Time ; 11.20.02 11C1 JIIA 


08S 


I-Ring 2 Time 11.20.02 11C1 KIIC 
4. +S Logic Gate B 11.10.11 1102 JIIC 


5. +S Logic GateZ | 11.10.01 11C2 JOE 


6. +S Set Op Reg 12.13.04  11C1 HOZE 
7. -C Stack Select To Buffer 13.70.04 11D3 K23A° 


8. +S F or K E Ch Reset 19.4h.42. TIC3 H1IC 


9. -S ECh Stack Sel Op Code 15.55.09 11D3 F1OB 


10. +S ECh U Sel Reg 1 Bit 15.55.09 11D3 F10B 


it fest 


E Ch Input Mode 15.62.01 11D3 C21A 


Set E-1 Reg 15.62.04 1104 A15C 


Set E-2 Reg 15.62.04 11C4 A15A 


E Ch Status Sample A 13.65.06 11D3 E03C 


E Ch No Transfer Latch 13.72.04 
_ E Ch Correct Length Record 13.63.03  11D3 H27C 


Cid assr i ey 


Forms Stacker Go 13.70.04 


18. +S Compute Disable Cycle 12.12.60 11D3 DO2D 


19, +S E Ch Move Mode 15.62.02 1103 ClID. 
20. +S Last Ex Cycle I1-O 13.65.07 11D3 C27C 


. +S Logic Gate B 11.10.11 11C2 JIIC . 


*Blocks "forms-stacker go" to provide a 
stable scope trace 


erty 
{ity 


Figure 50. 1402 Feed Command Timing Chart 


I-2 Time: The A-status buses are sampled at status | command is terminated at the end of I-phase regard- 
sample A time and if no channel status indicators less of whether or not the command is executed, “last 
have been set, the command is executed by triggering 
the forms stacker go singleshot (Figure 51). The out- 
put of the singleshot initiates action in the 1414 
synchronizer and also generates “compute disable” | 
to interlock the cpu for twenty microseconds, prevent- which forces the program to interrogate the channel 
ing the conditioning lines from falling. Because a Kd __ status indicators between channel commands. 


execute cycle * 1-0” is always generated during the last 
instruction read-out cycle. The channel move mode 
latch is turned on to develop the channel interlock 


1411-1402 Reader Operation 65 


E Ch Unit Sel Reg 


1-Bit 
Stacker Sel Op Code 
1 Ring 1+1401 &3 Time 0) Lz 
Logic Gate D 15.55.09 


E Ch Reset 


E Ch Unit Sel Reg Not 2-Bit 
E Ch Unit Sel Reg Not 4-Bit 
E Ch Unit Sel Reg Not 8-Bit 
E Ch Unit Sel Reg Not A-Bit 
E Ch Unit Sel Reg Not B-Bit 
E Ch Unit Sel Reg Not C-Bit 


Unit 1 Select to |-O 


E Ch 
Input Mode 


Stacker Sel Op Code (Becomes Active at |-Op Time) 


E Ch Reset 1411 


2 Char Only Op Codes 
Last Insn RO Cycle 
Not E Ch Not Read 


Forms~Stacker Go 


i ied Sk 
Not E Ch Bus SS 
Not E Ch No Transfer Latch 13.70.04 
Logic Gate E eae 


20 us # 


Cp Mad Rep Arbit #Brings up "compute disable" 


Op Mod Reg B-Bit _ 


E Ch Select Any Buffer 


E Ch Stacker Sel Op Code > i iO tatatloel 
. ECh (Console Indicator) 
; Move Mode 


Logic Gate E 


2 Char Only Op Code 


Last Insn RO Cycle 
Not 1401 Mode 


Last Execute Cycle *I-O 


13.65.07 


Figure 51. 1411-1402 Reader Feed Command — Condense 


66 


1414 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


4 Logic 


Multi-Read Feed 


Read from Buffer > 


Froms and Stacker Go 


I-Phase Channel Status Indicators 


Because no E-phase occurs for Kd commands, no 
status sample B time occurs and hence no E-phase, 


or B-status, channel indicators are used. The I-phase 


or A-status, indicators for a Kd command are: 


Not Ready Requires manual intervention 
Busy Reader is reloading the buffer 


? 


No Transfer Usually caused by improper programming. 
See Figure 45 for information on the channel 


no transfer indicator. 


See Figures 86, 102, and 103 in the reference section. 


Stacker Select 


| 0) > Buffer No Trf Cond 
Select Unit 1 


Rd Rdy to CPU > 


Buffer Ready 


Reader Busy 


Select Unit 1 


> Buffer Busy 


(To Set Stacker Select Latches) 


v 


Read Feed 


L 
52.10.08 


7, 


For ease in understanding the operations in this sec- 


tion, you should be familiar with three other sections 

of this manual: Input-Output Principles of Operation; 

Channel Data Register Controls; and I-O Sequence. 
Information on the operation of the 1mm 1402 Card 


Read Punch and the 1m 1414 I-O Synchronizer is 


contained in the IBM 1402 Card Read Punch, Cus- 
tomer Engineering Instruction-Reference Manual, 
Form 231-0002, and IBM 1414 Input-Output Synchro- 
nizer 3, 4, 5, and 6, Customer Engineering Instruction- 
Reference Manual, Form 223-2590. 

One command is used with the 1402 punch. 


Punch a card. Mnemonic: P (move mode) PW (load mode) 
Example: M %48 02000 W 

Transfer data from CPU to buffer, punch record (if correct), 
and stack card in the eight (8/2) pocket. . = 


Punch Move or Load Command 


For instructional purposes, diagrams are referred to 
at the appropriate point in the text, For reference pur- 
poses (trouble-shooting), Figures 34, 52, 53, 54, 55, 
and 56 are useful. | 


Instruction format: O XXX BBBBB d 
Example: M% 48 00000 W 


The hundreds position of the X-control field must con- 


tain one of these four characters or an instruction check 
occurs at the end of I-phase: 


Percent sign % E-channel unoverlap 
Commercial at @ E-channel overlap 
Asterisk bs F-channel unoverlap 
Lozenge Ol F-channel overlap 


The units position of the X-control field usually con- 


tains one of the following characters: 


0 Stack card in the normal punch (NP) pocket. 
4 Stack card in the 4 pocket. : 
8 Stack card in the 8 pocket. 


Cards are not actually stacked until a card feed cycle 
occurs from the next punch command. The d-character 
must be one of two characters or a channel not ready 
indication occurs: | 


W: Transfer output characters from core storage to. 


channel until a GM-wm or end of storage is sensed. 
X: Transfer output characters (up to 80) until the end 
of storage is sensed. 
The X is useful in punching out fields that contain cm- 
wM characters. _ 

Figure 53 shows basic logic flow for a punch move 


or load op code. Note that the punch command is 


1411-1402 Punch Operation 


Note: See ALD 51.43.20 fora “feed-through” list 
1411 1414 


15.60.31 CPU to I-O Sync Data Lines (7) 51.40.10 
13.50.03 Unit 4 Select to 1-O 51.40.01 — 
15.62.01 Output Mode to Buffer 51.40.02 
13.70.04 Ready to Buffer #Ready 2 51.40.04 
13.70.04 Correct Trans to Buffer # Go 51.40.04 
13.70.04 Reset Sel Buffer Latches #Reset CPU 51.40.06 
12.65.03 Comp Reset to Buffer #Comp Reset 52.11.01 
13.70.04 1401 Mode to Buffer #1401 Mode 51.40.06 
12.62.01 | Buffer Ready -151.40.18 
12.62.02 Buffer Busy 51.40.19 
12.62.03 Buffer Conditions 51.40.20 
12.62.03 Buffer Error 51.40.21 
13.42.11 - Buffer End of Transfer 51.40.12 
15.62.03 Buffer Strobe 51.40.43 
19.10.01 I-O Clock 080-090 Time (priority feature) [51.40.19 
19.10.01 Punch Busy (priority feature) | 51.40.19 


#Line Name Changes at Terminator in 1414 


Figure 52. Channel Lines — Punch 


not executed if any channel status indicators are on 
at the end of I-phase (status sample A time). If no 
channel status indicators are on at the end of I-phase, 
the punch command is executed and the data in the 
output field in 1411 core storage are transferred to the 
punch storage (buffer) in the 1414 synchronizer. 

If the op code is an M, specifying move mode, the 


data in the output field (except word marks) are 


transferred as is to the punch buffer. That is, word 
separator characters are transferred, unchanged, just 
as any other character. If the op code is an L, speci- 
fying load mode, a word mark over a character in the 
output field is converted to a word separator char- 
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1402 Punch Move 
or Load Op Code 


ee 
~ On Channel Off 


Read Out 
Instruction 
Interlock 


I-33 — | Channel Reset —--—J[-4 
eee ee on ; Sample the | __49 
eady, BusyyCondition 3 
sf A-Status Buses (Status: Sample A) 
| 
| 


See Sheet 1 
No 


I-12 
(Status Sample A Delay) 


| | 0 | ———$ ee 
- 


Set E Channel 
in Proc Latch 


See Sheet 2 | ‘Buffer Op 
Channel Reg Op 


TT —<—$ 


See Sheet 3 E Cycle Control 


SS A 8 8 8—§ Sc | ean 


See Sheet 4 


ec 


See Sheet 5 


See the indicated Figures for a more detailed flow chart 


Figure 53. 1411-1402 Punch Operation — Basic Logic Flow — 
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See Figure 34 for 1402 Punch 
: : detailed flow chart Move or Load. 
fo™ | of M/L Instruction © Code 
Read-Out | 
Select E Channel = Channel Select Character also Selects 
13.50.01 Overlap or Unoverlap 
When either the E=Channel Move or Load Mode , 


Latch is On, the Channel Interlock Indicator 
Glows (White) on the 1415 Console 


Channel I/O = E Channel Indicator Must Have Been 
Interlock Test Tested Since Last E Channel Command 


Yes. Channel One No 
Interlock On 


Resets Channel 


. System Check Set I/O Interlock E Channel Reset Controle-and Stats | 2 
a I/O Interlock Indr |_ _ Cheek | 15.41.12 iaiches. ee 
| Glows (Red) on ; 18.14, 1] : ; 
1415 Consol | | Select Unit 4 1-4 
Master Error (Card Punch) — SS 
f™ 7 re Stops CPU 13.50.03 
| 18.14.08 Aaa 
11.10.02 Put Stacker Select S eee 
. Cheon et into Unit I-5 
| = E Channel oa Number Reg but —_——_—— 
f™ See Figure 34 15.62.04 Reg not Used for 
Channel Data Reg Punch Op 
Operation in 
I Phase = paler = | 1-5 
i ull Latch ees Ae, ees ee 
| : 15.41.10 
Enter sf cama into} 7 | T-6 - I-10 
vo~ B AR (Unoverlap) —_— eee 


and E AR (Overlap) 


Overlap Overlap —— Unoverlap 
—— Unoverlap 


-_ | . F Channel 
ee in Process 
_ Lights the Channel One Set E Channel 


Write Indicator on 1415 ~ ~ Output Mode Latchy--— I-11 | Compute Disable 
fo et 12.12.62 


M Op Reg L 
Mork 


Set E Channel ee Set E Channel I-12 
Move Mode Latch ieigeca Load Mode Latch We eee ae ed See Gee we one ge 
- 15.62.02 1415 Console 15.62.02 
| Status Sample A 
Yes Punch Not Ready No 
ae 52.11.01 


f Indicator Set E Channel Not 
on 1415 Ready Indicator i 
Console 12.62.01 Indicator Set E Channel aoe cee No_ 
Pen on 1415 Busy Indicator 52.12.02 
— Console 12.62.02 “Indicator Set E Channel cod 
on 1415 Condition Indicator A Hole-Count Error 
Console 12.62.04 


Is Recognized by CPU 
on the Second Punch 


-_ Command after the One 
Causing Error Card To 

e E Channel No Be Fenenee 

-_ Condition 
a Reset Select SamplesA:Del Any E Channel 
Buffer Latches  [ —_ soe beniaaul ioe as es Status Indicator On No _ _{ Do E Phase 

« 13.70.04 | 13.72.05 

ee Turns Off Punch Check 2 . Last Ex Cycle *I-O 
Latch in 1414 13.65.07 (81) 


52.12.02 


| Read Out Next To Sheet 2 
| i Sequential Insn _/ 


Figure 54. 1411-1402 Punch Operation — Logic Flow (Sheet 1 of 5) 
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wer. 


From Sheet 4 


(62) 


~ Request Punch 
Trans Scan 


52.10.09 


Request Granted \ Yes 
52.10.02 / 
Wait "Mod Stk Sel” 
51.40.43 - 
(Samples Channel 


Output Data Lines) 


Set Stacker 
100-000 Select Latch 
Time 52.13.01 
- "Special" Strobe 
100-000 to CPU 
Time 51.40.43 
\ 
\ 
Set Buff Rings =|. \ 
Time 
020-030 Set Buff 
Tie Strobe Latch 
51.40.43 


E-Ch in Process 
~ Not E=1 Reg Full 


E-Ch in Process 
Not E-2 Reg Full 


| From Sheet 3 and 4 


@ 


%* First Output 
Y py 
= Char 


Buffer Ring 
Advance 


51.31.02 


End of Scan 
Trigger 
91.32.01 


On 


010-040 | —-Read Out ie ae 

Time Addressed Pos Blocked 
070-090 Write Output 

Tine Char into Buffer 

51.16.01 
Buffer Strobe Buffer 

100°000 to CPU _ End of Tran 

Time 51.40.43 51.40.12 

To Sheet 4 


* Not a machine logic decision - used for 
simplifying flow chart 


Data Char Be Set 


E-Ch Output Mode 


Not E-Ch Int End of Tran 
Not E Cycle and Any Last Gate 


Output - Without Process Overlap 


E-Ch Output Mode 


Not E-Ch Int End of Tran 
Not E-1 Reg WD Sep 


Output - With Process Overlap 


- LT is MFI designation for overlap on channel one 


Unoverlap 


Set E Chan Overlap 
in Proc Latch 
13.60.04 


Set E Ch Unoverlap 
in Proc Latch 


Indicator on | 
1415 Console a 


. Last Execute 
Cycle I-O 
13.65.07 


Compute Disable 
Cycle 
12.12.60 


Last Execute 
Cycle * |-O 
12.12.51 


CPU Proceeds 
with Stored 
Program 


Set I Cycle 
Control Latch 
12.12.23 


Parallel Operation 
(Operations are shown serially to simplify following the chart 


Channel 
Reg Op 
E=-2 is Full (Stk Sel Char). 


To Sheet 3 (C1)——{ CPU Takes One E Cycle to fill E-1 and 
Set the £ Ch Ready Latch 


CPU Takes an 
I-O Data Cycle 
on Request 


Channel Operates 
on Request from 
I-O Device 


Buffer Begins 
i 80 Successive 


Cycles 


Buffer 
Op — 


Requests First 


Into E-2 


Set E Channe 


Strobe Trigger 
15.62.03 


Set E Ch Clocked 
Strobe Trigger 
15.62.03 ee 


E Cycle Required 


On/ £-2 Full Latch \OFf 


12.12.62 
Turn On Reset E-2 


Full Latch Tgr 
15.62.05 


-E+Ch Ready A 


(E Cycle Required) Turn Off E-2 


- Full Latch 
15.41.10 


From Sheet 4 


(3) 


Turn Off 
Strobe Triggers 

15.62.03 
To Sheet 3 


Qn{ E-1Full Latch )}Off 
“6 


CPU Takes One 
I-O Data Cycle 
to Fill E-1 Reg 


12.12.63 


E Channel 
Wd Sep Mode 
15.62.02 


E-1 or E-2 
Wd Sep 
Latch On 


Bring Up Copy 
E-1 WM and C Bit 
15.62.06 


E-2 Reg 
Wd Sep Latch 
15.41.11 


Off 


ee Reg Bring Up Copy 
WM Bit 
15.60.28 E-1 BCD to E-2 
—— 15.62.06 
Bring Up Copy Inv Bring Up Copy = 
“E=1 WM and C Bit E-1 WM and C Bit Set E-2 gi, 
15.62.06 15.62.06 15.62.04 


Set E-2 
15.62.04 


Set E=-2 Full Latch 


Emits a Wd Set E-2 Wd Sep 15.41.10 
Sep Char 15.62.06 Pan 
into E-2 Reset E-1 


Set E-2 Full Latch Full rie 
15.41.10 


To Sheet 3. 


Set E-2 
Wd Sep Latch 
15.41.11 
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. . @ From Sheet 3 


oe Int End of Tran 
Latch 
13.63.01 


Off 


Ext End of Tran 
Trigger 
13.43.11 


On 


El Full Latch Off 
15.41.10 


Unoverlap Overlap | 
© en 
.E2 Full Latch Off _ 
ro See 
: = , Sep Latch 
| i res . 15.41.11 


(4) 


To Sheet 2 


E Cycle Required 
2 42612,62 


sp eet 
- Unoverlap 


Overlap Unoverlap 


End of — 
Computer 
Cycle : 


eg 


Compute Disable 


12.12.60 
Last Cycle on 


_F Cycle Required 
E Cycle 


3 one : a 3 SetECycle | 
Take an F Cycle | — | “Ctrl Latch 
3 eS . ss 12.12.66 
. | | | Set Addr Mod | 
. +1 Latch 
14.30.07 


Overlap 
\ S ieiaie 


Overlap 


Use Logic Clock | 
Ext Ring 
11.10.20 | 


Take an E Cycle } 
12.12.66 _. 


Use E AR 
RO B Field Char 
14.71.35 


Gates Output 
Char to Asm 
Channel - 


Use B Channel 
— - Num and Zones 
15.49.05 
ot M Move 


Gate Asm:to 
El Input 
15.62.07 


(1) To Sheet 4 


Figure 54, 1411-1402 Punch Operation — ‘Logic Flow (Sheet 3 of 5) 


Compute 
Disable is Active 
~~ Continuosly 

During Unoverlap 


“Compute Disable “ 
to Release Logic 


Clock 


_ LGB 
or 


LG $ 


Unoverlap 


Use Logic Clock 
Ring 
11.10.20 


| Take an E Cycle 
12.12.66 


“T - Use B AR to 
RO B Field Char 
| 14.71.31 


Use B Channel 
WM Bit 
15.49.04 
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Set E Ch Ext 
End of Tran Trigger 
13.42.11 


On. 


@ To Sheet 5 


(D2 From Sheet 2 


~ Set E Ch End 
of Record Latch | 
Int End of Tran oft 13.63.01 
Latch : 
13.63.01 


Yes 


Set E Channel 
Int End of Tran 
13.63.01 


Set E Channel 
End of Record 
13.63.01 


If Ready “Drops” 
an Ext End of Tran 
is Forced 


Brings Up “Ready 
to Buffer’ Which 
Starts Buffer Op 


Last LG —— 


Set E Ch Int / 
End of Tran Latch |— — — LG For W | Set E-1 
13.63.01 | | | Full Latch 
Ext End of Tran \ | 
19:42.0 (BA) To Sheet 2 


| Wd Sep Latch. 
| 15.41.11 


(D) From Sheet 3 


Yes B Ch GM-WM No 
15.41.07 


ee) 
15.62.04 


Output Char 
is on Asm . 
Channel 


15.41.10 


Reset E-2 
Wd Sep Latch 
15.41.11 


“Load 


E Channel - 
Wd Sep Mode 
— 15.62.02 


E Channel Wd 
Sep Char 
15.41.01 


Yes 


E-1/Input 
WM Bit 
15.60.08 


Set E-1 
Wd Sep Latch 
15.41.11 


Reset E-1 | 


Reset E Cycle 


Ctrl. Latch —-LG DorU 
12.12.66 
on Block - - 
“E Cycle Required rere F or W 
12.12.62 3 
Wraparound _ No 7 


No Ready Bus Yes 
‘ Active “ 


Off _/ Ch Ready Latch }- ©" 


' NOTE: This is 
NOT a Channel 
Status Latch 


Set E Ch 
Ready Latch 4 
13.70.04 Lo 


(82) To Sheet 2 


Figure 54. 1411-1402 Punch Operation — Logic Flow (Sheet 4 of 5) 
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— LGEorV 


as 


(Early GM-WM) On 


Set E Channel 


13.63.03 


Line Name 
Changes to Reset 
CPU"in 1414 


Overlap 


Turn Off Overlap 
in Process 
Controls 
13.60.04 


Wrong Length Record 


(EI) ‘From Sheet 3 and 4. 


| E Channel 
Strobe Trigger Off 
15.62.03 
; E2 Full Latch Off 
15.41.10 
(Late GM-WM) Off End of Record 


Latch A 
13.63.01 


_ _ Status Sample B Set E Channel — 


Correct Length Record 
13.63.03 


Status Sample B__ __ 


Buffer Clock 


Error Yes 
51.30.03 
< Buffer Ring 


No 


Error 


51.32.02 


Status 
—s Buffer Parity Sample B 
Error 
51.18.01 


Set E Channel 
Data Check 
12.62.04 


WLR or Data 
Check Indicator On 


Yes 


Correct Tran 
to Buffer a 
13.70.04 


Reset Select 
Buffer Latches 
13.70.04 


Line Name 
Changes to*Go” 
in 1414 


——— — 2nd Sample aa neroers 


Turn Off Punch 
Trf Check Latch 
52.12.01 


Turn on Punch 
Feed Latch 
52.10.14 


Overla . 
P Unoverlap - 


Unoverlap 


| Turn Off Unoverlap 
in Process 
Controls 


13.60.04 


— —Status Sample B Delay —— 


T-O Last Ex | 
Cycle Latch — — Status Sample B 
13.65.07 


CPU Proceeds 
With the Stored 
Program 


Figure 54, 1411-1402 Punch Operation — Logic Flow (Sheet 5 of 5) 
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SYNC . 


Address Switches 00018 
ALD LINE «ALD PAGE 
ie (odd | ring outputs) 
Logic Gate B 
Set Op Reg 
1-O Percent Latch 
E Ch Reset 


E Ch Sel Any Buffer 


Set E-1 Reg 
E-1 Reg Full 


Set E-2 Reg 
E-2 Reg Full 


Set BAR 


Set Op Mod Reg 
E Ch Output Mode 


E Ch Status Sample A 


E Ch Move Mode 

E Ch Status Sample A Delay 
E Ch Unoverlap in Process 
Compute Disable Cycle 


E Cycle Required 


E Cycle Control 
E Ch Ready Latch (rdy to buffer) 


Logic Gate B- 
Logic Gate Z 


Strobe 
E Ch Strobe trigger 
E Ch Clocked Strobe trigger 


Reset E-2 Full Latch trigger 15.62.05 


TEST POINT 


11C2 JIC 


11C1 HO7C 


11D3 J22B 
11C3 H11C 


11D3 G18C 


11C4 BI6L 
11C3 D14B 


11C4 A15A 
11C3 F21F 


© 11C1 C26H 


11D1 H19H 
11D3 C21C 


11D3 E03C 


11D3 C11D 


11D3 BO9A 


11D3 BISC 


11D3 DO2D 


11D3 H18Q 
11D3 J20R 


11D3 H23K 


1102 JliC 
11€2 JO9E 


11C4 A21H 


11C4 A21F 


1104 FO2C 


1104 A17C 


eee eee eee ee eee 


PROGRAM EC LEVEL 


00011 R 000014 1414 113756 
(No GM.WM in 05080) 


Pcolceoceo 


| 

| 

v 

7 00001 M%48 05000W 1411 249906(with Accel Feature) 
| 

| 

| 


| 
| 


Ree ee eee 


[s 


} 
| 


i a a dO 
1 ae on | 


Bee OP a ee A 


CAAT 


poche a eg 


("Special" strobe from 1414 to transfer first data character from E-1 to E~2) 


("jitter caused recorde~ to distort these two waveforms) 


« 


Figure 55. 1402 Punch Command Timing Chart 
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fos . 
1414 | 14] 
a | 
| Assembly Channel 
l SSC 
fo va ES E-Channel Not Control Reg Disable N 
! Strobe N 
E-Channel NS 
Clocked Strobe : N 
: \ 
\ 
N 
N 
N 
N 
, \ 
~ \. 
. \ \ 
; Set E-l Reg \\ BN 
Ist CP - N 
3 kk ts 
: \ 
M or L Op Codes N 
Pe alae om! A N 
[ ; Sel Unit 1 or Unit 4 (B) E-1 
; 1 Cycle . Data Reg 
| Ring 5 Time E-Ch Wd Sep Mode One Bit | 
7 E-Ch Wd Sep E-1 Reo Wd Sep 15.60.21 ill 
| 
E-1 Input WM Bi > N= 
wo Output Mode et ail B 15. va N 3 = 
“ea WKN 
Places Stacker N 
B=Ch Not GM and WM Select Character : N The Three Copy Control 
Early Last Gate 1-0 on E-Channel Not E-Ch Wd Sep _ N _| Lines Are Not Shown 
Not E-Ch Ist Char Not E-1 Input WM Bit \ 1. Copy E-1 BCD to E=2 Reg 
wos 2nd Address N 2. Copy E-1 WM C Bit 
if N 3. Copy Invert E-] WM C 
N Bit. 15.62.06 
N 
\s 
ga Set E-2 Reg al 1 Reg yee Sep 
N 
a E-1 Reg Full N 
f N 
Not E-2 Full é N 
Channel SN 
Lines to 
1414-3,4, of 5 
15.60.31 
eo E-2 Reg Full 
Clocked Strobe 
Set E-2 
Reg Delayed 
(e) 
lst CP ' 
fo™ 
E-Channel Reset 
Ma a ; 
=Ch Set Any Buffer | | oe lap somcle 
Corset tanta | E-Ch No Status On ec Indicator E-Ch in Process 
ts Buffer | 1-O Percent Latch > . 
oo l E-Ch Status Sample A Dela 13. 04 
/ news | Sta nola-B Not E=1 Reg Full 
~ Not E-Ch Int End of Tran: E Cycle Required 
| Mor L Op Codes Not E Cycle and Any LLG ps betas 
—_—————_—— oO + a Percent or Coml At 12.12.62 
1414 ‘Punch Feed | | Ring 11 Time : Output Moro 
; fr . Console Indicator 
i | Logic Gate F . E* "Write" 
52.10.14] | Wer X Symbol Op Modifier : 15.62.01 
| 2nd Clock Pulse 
: Punch Req Scan E-Channel Reset 
; 1414 | 1411 : : E-Ch Ready 
— E Cycle. Any Last Gate Rdy To Buffer 
_ E-Ch In Process 
E-Ch Sel Any Buffer 
Not Master Error 
aa ° 
Figure 56., Channel Register Operation — Punch 
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acter in the channel data registers and sent to the 
punch buffer as a word separator character. A single 
word separator character in the output field is trans- 
ferred to the punch buffer as two word separator char- 
acters. : 

The character in the hundreds position of the X- 
control field indicates the channel as well as indicat- 
ing if the operation is to be in overlap or unoverlap 
mode, as shown earlier. The tens position of the X- 
control field contains the unit-select character; a 4 
selects the 1402 punch. The units position of the X- 
control field contains the unit number character which 
is placed on the channel output data lines during I- 


phase. The 1414 synchronizer samples the data lines — 


at the beginning of E-phase to condition the card 
stacker selection circuits. If the unit number is either 
a 0, 4, or 8, the card is stacked into the np, 4, or 8 
pocket, respectively. If an error is detected during card 
punching or card checking, the card is stacked in the 
NP pocket. '? 

The B-address specifies the high-order (left) posi- 
tion of the output field because the record is reverse 
scanned (left to right) from the core storage unit; For 
example, if the B-address specified address 00000, the 
first character would be taken from address 00000 and 
the second character from address 00001, and so on. 

The d-character should be W to indicate a write, 
or output, operation. A GM-wMm must be positioned in 
the output field so that exactly 80 characters are trans- 
ferred or a wrong length record (wLr) indication 
occurs and the card is not punched (no card feed 
cycle). If an X d-character is used, the B-address of 
the command must be selected so that exactly 80 
characters are transferred before the end of storage is 
sensed or the record is not punched (no card feed 
cycle), and a wLr indication results. | : 


l-Phase Sequence 


Details of m/ instruction read-out are presented in the 
1-0 Sequence section of this manual. The following 
presentation assumes a knowledge of M/t instruction 
read-out. Instruction read-out causes the instruction 
word characters to be placed in various registers to 


control execution of the punch command (Figure 54). 


An M or L in the op register brings up the following 
op code grouping lines: 


M or L op codes 

Percent type op codes 
Address type op codes 

Two address op codes 

2 Addr Plus Mod Op Codes 
No Index on Ist addr ops 
No branch op codes 

Not addr dbl op codes 


I-Op Time: The op code character reads out and is 
placed into the op register, bringing up the op code 
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grouping lines. Later in the cycle, the character in 


the op register conditions the set of the channel move 
mode or channel load mode latch. | 

I-1 Time: The special advance control latch is 
turned on to gate two extra pulses (logic gates C and 


_ D) to advance the I-ring to 1-3. 


I-3 Time: The channel select character is placed in 
the 1-0 channel select register. With a channel selected, 
the channel interlock test is made to see if the stored 
program has interrogated the channel status indicators 
since the last command to the selected channel. A 
satisfactory interrogation of the channel status indi- 
cators resets the move, or load, latch for that channel. 
Therefore, if the move or load latch is on at the start 
of another channel operation, the 1-o interlock check 


indicator on the 1415 console is turned on, master 


error becomes active, and the cpu stops at I-3. 

I-4 Time: A channel reset is generated, resetting the 
channel controls and the channel status indicators 
(Figure 17). The unit-select character reads out and 
is gated to the channel unit-select register. A 4 in the 
register gates the punch status to the channel status 
buses later in I-phase when the output mode latch 
is set. 


I-5 Time: The unit-number character reads out and 


is sent to the channel register, appearing on the chan- 
nel output data lines. The lines are later sampled by 
the 1414 synchronizer to condition the card stacking 


circuits. The character remains in the channel data 


registers until a special strobe signal is received from 
the 1414 synchronizer, causing cpu to place the first 
output character into E-2. A character in E-2 appears 


-on the channel output data lines. 


_I-6 through I-10 Time: The B-address reads out 
and is placed in the B-address and D-address regis- 
ters. If the command specifies overlap operation, the 
B-address is also placed in the E-address register (for 


E-channel operation), or the F-address register (for 


F-channel operation ). 
I-10 Time: If the command specifies unoverlap op- 


eration, the computer is interrupted (disabled) at I-10 


time if the other channel is executing an 1-0 operation. 
In other words, an unoverlapped operation cannot be 
started if an overlapped operation is in process. The 


computer is kept disabled only until the channel in 
_ process completes its operation. 
_-]-11 Time: The d-character reads out and is set 


into the op-modifier register. Because of overlapped 
operation, the op register, op-mod register and the 


-1-o channel select register must be free to accept 


characters of the next instruction word. Therefore, the 
information in these registers must be stored in the 
channel control latches. During I-11 time, the W (or 
X) in the op-mod register gates the set of the out- 


put mode latch (E-channel), or the write latch 
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(F-channel ). The output of the latch lights the write 
indicator, for that channel, on the 1415 console. The 


output mode latch also gates the assembly channel to 


E-1 input, and switches with E-cycle or F-cycle (sys- 
tems 13.60.06) to produce output cycle. Output cycle 
brings up “regen memory” and also conditions the 
B-channel and assembly controls. 

If the d-character is not a W or X, output mode to 
buffer is not active and the punch ready status is not 
gated to the channel ready bus. A channel not ready 
indication results. See Figures 102 and 103. 

I-12 Time: I-12 is the last instruction read-out cycle, 
during which the channel move or channel load latch 
is set according to the character in the op register. 
The status sample pulses are generated during I-12 
time. 


Last Execute Cycle: During the last instruction read- 
out cycle of an overlapped command, “last execute 
cycle *I-O” becomes active, gating the set of the 
I-cycle control latch (Figure 120). 

Status Sample A: This pulse occurs at logic gate D 
of I-12 time, and samples the A-status buses. Figure 
86 (condensed logic) shows generation of the status 
sample pulses. . 

Status Sample A Delay: This pulse occurs at logic 


gate E of I-12 time and samples the output of the 


channel status indicators. If any status indicators are 


on at status sample A delay time, the operation is 


terminated (no E-phase ) and the program proceeds to 
the next sequential instruction (Figure 120). 


1-Phase Channel Status Indicators 


‘Channel status indicators that can be set at the end 


of I-phase (status sample A time) are referred to as 


A-status indicators. For an M%40 op code, the A-status 


indicators for the punch are: 


Not Ready _—_( Requires manual intervention ) 

Busy Punch is unloading the buffer (punching: a 
card ) 

Condition Last card in NP stacker is an error card 


See the status indicator chart Figure 86. 


Not Ready: Figure 102 shows the punch status gated 
to the cpu by “select unit 4.” In cpu, “buffer ready” 
is gated to the channel ready bus by “E-channel select 
any buffer.” With the ready bus active, the input to 


the channel not ready latch is blocked, preventing the _ 


status sample A pulse from turning on the latch. 


Busy: If a punch command is issued to the 1mm 1402 | 


Card Read Punch while it is unloading the buffer 
(punching a card), a channel busy indication occurs 
and the command is not executed. Either the punch 
feed latch or the punch feed trigger being on causes 
the channel busy indicator to be set at status sample 
A time. See Figures 102 and 103. 


Condition: This indicator is set for one of two types 
of errors that may occur during punch commands: 


Sets the channel condition indicator. 


Sets the channel data check indicator, 
described later. 


Latent errors | 
Immediate errors 


_A latent punch error is any error resulting from a 


punch command where the error is not detected by — 
the cpu until some later punch command; for example, 
in the following program assume that a latent error 
results from the command to punch card A. 
00001 M % 4803000W 


00011 ROO0012 
00018 RO10008 


Command to punch card A — 

If busy, try again | 

Branch to 01000 if condition 
indicator on 

Branch to 02000 if any indica- 
tor on 


Card A is punched while CPU 
proceeds with program 


00025 R020004 
( Processing routine ) 


00101 M%4804000W 
00111 -ROO1012 
00118  RO10008 


Command to punch card B 

If busy, try again 

Branch to 01000 if condition 
‘indicator on 

Branch to 02000 if any indica- 
tor on 


Card B is punched while CPU 
proceeds with program 


00125 RO02000 + 
(Processing routine ) ° 


Command to punch card C . 

If busy, try again 

Branch to 01000 if condition 
3 | indicator on 

01000 .05000 Halt 


*At this point, the CPU detects the latent error that oc- 
curred as a result of the command to punch card A, and 
branches to 01000; assume a halt at 01000. 


00201 M%4805000W 
00211  R002012 
*00218  R010008 


The following conditions exist when the stored pro- 
gram is halted following a channel condition indica- 
tion from the punch: 

1. The last punch command (the command to sane 
card C in the preceding program sequence) is not 
executed. . | 

2. The error card is the top card in the normal 
punch (NP) stacker. 

3. The record following the error record has been 
punched. 

4. If the operator clears the punch feed, the last 
record punched will not be checked at the punch 
check station. 

If the cpu in not emi to halt on a channel 
condition indication from the punch, the punch will 
respond to the next punch command. That is, the 
punch command following the one in which the error 
was detected. 

Four different errors cause a channel condition in- 
dication; and cause the error card to be selected into 
the np stacker: | | 

1. Parity error during the punching card feed cycle 
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2. Buffer soe error during die punching card feed 


cycle 

3. Buffer ring error during the punching card feed 
cycle 

4, Hole-count error “during the checking card feed 
cycle 

Figure 57 shows that a an passes chibugh the 
punch check station one card feed cycle after it passes 
through the punching station. A card is stacked on 
the same card feed cycle that it passes through the 
punch check station. 


Referring to the program sequence, and Figure 57, 
assume that an error was detected by the 1414 syn- 
chronizer when card A was being punched. Because 
card A will not reach the stacker until the following 
card feed cycle, the error condition must be retained 
for one card feed cycle before it is sent to the cpu. Con- 
densed logic Figure 104 shows that a parity error dur- 
ing a punch request scan sets the punch check 1 latch. 


“When the next card feed cycle occurs, the output 
of the punch check 1 latch aNn’s with “punch feed 
gate” to set the punch check 2 latch. During this card 
feed cycle, card A passes through the punch check 
station into the np stacker. The error card always is 
selected into the NP pocket because the output of the 
punch check 2 latch brings up “-W stack inh” (ALD 
52.13.01) to pick relay 35 in the 1402 Card Read 
Punch, opening the circuit to both stack select magnets. 
With the punch check 2 latch on and the error card 
in the np stacker, the next punch command from the 
cpu results in the set of the channel condition indi- 
cator at status sample A time and the punch command 
is not executed. The cpu acknowledges the error by 
generating “reset select buffer latches” which goes to 
the 1414 synchronizer to reset the punch check 2 


latch, permitting the next punch command to be 
executed (Figure 112). | 

A hole-count error is detected on the same aad feed 
cycle that the error card enters the stacker. Conse- 
quently, the error condition does not need to be re- 
tained for a card feed cycle as described earlier. Fig- 
ure 104 shows that a hole-count error sets the punch 
check 2 latch directly so that the next punch com- 
mand will result in a channel condition indication. 

Customer program routines may punch from three 
rotating output areas so that a record resulting in a 
channel condition indication is available for repunch- 


ing. Program routines may also issue a final punch 


command to punch 80 blanks, causing the last data 
card to be checked and moved to the stacker. 


E-Phase Sequence | 


If no status indicators are set at status sample A time, 
“status sample A delay” turns one of the four channel 


in process latches, according to the character in the 1-o 


channel select register. 


E-channel unoverlap in process 


Percent sign . 
Commercial at @ E-channel overlap in process 

_ Asterisk . F-channel unoverlap in process 
Lozenge os F-channel overlap in process 


Each latch has an indicator on the 1415 console. If 
the punch command specifies overlap, the cpu pro- 
ceeds with the next sequential instruction after setting 
a channel in process latch. If any status indicator was 
turned on, the cpu does not execute the punch com- 
mand and proceeds with the stored program. 


During E-phase, the cru transfers characters from 


core storage to the 1-o channel on request from the 


channel controls. Use Figures 53, 55, and 56 to follow 
the data transfer operation. 


80 Position 
- Card Punch Buffer 


Punches 
Punch 
Punch v 
Hopper | 
Blank 
Station 


Figure 57. 1402 Card Transport 
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- STORAGE 
10K, 20K, 40K, 60K, 80K 


~ Normal : 
Punch 


2 


80 Position 
Card Read Buffer 


Read 
Read y) Read 
Hopper 


nil 
alt 


Normal 
Read 


ready, 


Channel In Process Latch: With no status indica- 
tors on at the end of I-phase, one of the four channel 


in process latches is turned on. “E-ch in process” 


AND’s with “not E-1 reg full” and other conditions 
(Figure 56) to bring up “E-cycle required,” causing 
an E-cycle that brings the first output character from 
core storage to E-l. At this point, the E-2 full latch 
is on because E-2 contains the stacker select character. 


During this E-cycle, the E-channel ready latch (not — 


the channel status indicator ) is turned on, bringing up 
“ready to buffer” which initiates buffer operation. 


E-Channel Ready Latch: The output of the latch, 
“ready to buffer” turns on the ready 2 latch in the 
1414 synchronizer. If no scan is in progress, the ready 
1 latch is turned on and the output ANn’s with “punch 
” “punch not busy,” and “select unit 4” to turn 
on the punch transfer request latch. See the appro- 
priate condensed logic diagram in the IBM 1414 Input 
Output Synchronizer 3, 4, 5, and 6, Customer Engi- 
nerring Instruction-Reference Manual, Form 223-2590. 

Punch Priority Request Trigger: “Punch transfer re- 
quest,’ developed earlier, provides a gate for the turn 
on of the punch priority request trigger. The output 


of this trigger AND’s with not “some scan” to gate the 


turn on of the Punch scan trigger, which starts the 
buffer operation. 


Punch Scan Latch: The latch sets at 030-040 time 
and turns on the time Pl 1 latch, starting buffer ring 
operation at the next 000 time. | 


‘Mod Stk Select: At 100-000 time, just before the start 


of the first buffer cycle, “mod stk sel” samples the chan- 


nel output data lines (E-2 character) and sets stacker 


select latches. The same signal is gated to the cpu as 


a special strobe, causing the first data character to 
transfer from E-1 to E-2. 


Strobe Latch: At 020-030 time of the first buffer 


cycle the buffer strobe latch turns on to gate every 


100-000 time pulse to cru as “buffer strobe.” The strobe 
latch is turned off when “punch trans scan” falls at the 
end of scan. 

Channel Operation: During each buffer cycle, the 
character on the channel output lines is written into 
the punch buffer. A strobe signal generated by the 


synchronizer causes the channel controls to set the 


next output character into E-2. The character trans- 
fers from the E-1 register to the E-2 register under 
supervision of the register transfer and data flow con- 
trols. An E-cycle is taken to bring a new character 
from core storage to E-1 (Figure 56). See Figure 115 
for processing overlap circuit for E-cycle required. 


Unoverlapped Operation: The cru is idle (logic 
clock ring is disabled) except when the channel con- 
trols request the cpu to take an 1-0 data cycle (E cycle) 


to transfer an output ciapaciee oii core ree to 


E-1 (Figure 118). 


Overlapped Operation: At the end of I-phase of the 
read command, the cpu proceeds with the next se- 


: quential instruction. Processing (computing ) continues 
until the channel controls request the cpu to take an 


1-0 data cycle to transfer a character from core storage 
to E-1. Computing is interrupted (disabled) while 
the cpu brings a new output character to E-1; com- 
puting is then resumed (Figure 118). 


External End of Transfer Trigger: Once the Hates 
operation is initiated, the operation continues until 
all 80 positions have been written with data from 
the channel output data lines. The synchronizer sig- 
nals cpu the end of buffer operation by generating 
“buffer end of transfer” which turns on the external 
end of transfer trigger in the cpu. If the ready bus 
becomes inactive during a buffer transfer operation, 
the external end of transfer trigger is turned on im- 
mediately. If an early cm-wM prematurely. terminates 
transfer of output characters, the remainder of the 
buffer is filled with the last output character, which 
remains in E-2. 

Internal End of Transfer Latch: A cM-wm in the 
output field, or a core storage wrap-around condition, 
turns on the internal end of transfer latch, blocking 
the cpu from taking any more 1-o data cycles. With 
the cM-wo correctly positioned in the output field, the 
internal end of transfer trigger is turned on before 


the external end of transfer latch. “External end of 


transfer” forces “internal end of transfer” when no 


_ GM-wM- appears in the output field (Figure 101). 


Status Sample B Trigger: With both the external end 
of transfer trigger and the internal end of transfer latch 
on, the status sample B trigger is turned on at the 
end of the last 1-0 data cycle (E-cycle). The trigger 
is on for two clock pulses and the output of the trig- 


ger is used to set the B-status channel indicators 


(Figure 101). 


Second Sample B Trigger: This trigger is turned on 
the next 1st clock pulse after the status sample B trig- 
ger is turned on. The trigger is on for two clock pulses 
and the output of the trigger samples the outputs of 
the B-status indicators. 


Status Sample B Delay Trigger: This trigger is turned 


on the next Ist clock pulse after the second sample B 


trigger is turned on. The trigger is on for two clock 
pulses and the output of the trigger resets the chan- _ 
nel in process latch. 


E-Phase Channel Status Indicators 


Channel status indicators that can be set at the end 
of E-phase (status sample B time) are referred to in 
this manual as B-status indicators. 
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The B-status indicators for the punch are: 


Data Check Figure 104 (condensed logic ) 
Wrong Length Record Figure 105 (condensed logic ) 


See also the status indicator chart, Figure 86. 


Data Check: If the punch transfer check latch is on 
in the 1414 synchronizer, the output of the latch is 


gated to the channel check bus and status sample B~ 


turns on the data check indicator. 


Wrong Length Record: A cM-wM must be posi- 
tioned in the output field so that exactly 80 characters 
are transferred to the punch buffer or a wrong length 
record (WLR) indication occurs. During load mode 
operation, WM and ws characters must be considered 
when computing the number of output characters. 
See “Channel Status Indicators” in the I-O Principles 
of Operation section. 


Correct Transfer To Buffer: If neither the channel 


wrong length record or channel data check indicator . 


is turned on at status sample B time, correct trans to 
buffer is sent from the cpu to the 1414 synchronizer. 


“Correct trans to buffer” (“go” in the 1414) aNnp’s with 


“select unit 4” to turn on the punch feed latch, initi- 
ating a punch feed cycle. Note that the record is not 
punched if a channel wir or a channel data check oc- 
curred (Figure 56). 
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Reset Select Buffer Latches: If a buffer clock, bufter 
ring, or a buffer data error occurs during a cru to 
buffer transfer, the punch transfer check latch is set, 
sending “buffer error” to the cpu. Buffer error gates 
the turn on of the channel data check indicator at 
status sample B time. cpu acknowledges the buffer 
error by generating “reset select buffer latches” (“reset 
cpu” in 1414) at second sample B time. The “reset 
cpu line resets the punch trf check latch, preventing 
a false error indication on the next cru to buffer trans- 
fer (Figure 112). 

If a hole-count error sets the punch check 2 latch, 
“buffer condition” is gated to cpu during I-phase of 
the next punch command. Status sample A sets the 
channel condition latch, and status sample A delay 
sends “reset select buffer latches” to the 1414 synchro- 
nizer, acknowledging the error. The command is not 
executed, but the “reset cpu” line turns off the punch 
check 2 latch, permitting the next command to be 
executed (if no indicators are turned on). 

Last Execute Cycle: “E-channel status sample B” 
AND’s with “E-channel unoverlap in process” to set the 
1-0 last execute cycle latch which gates the turn on 
of the I-cycle control latch. “Status sample B delay” 
resets the E-channel unoverlap in process or E-channel 


overlap in process latch (Figure 120). 


For ease in understanding the following operations, you 
should be familiar with the information :in the Input- 
Output Principles of Operation, Channel Data Register 
Control, and I-O Sequence sections of this manual. 


Information on the operation of the 18m 1403 Printer 
and the 18M 1414 1-0 Synchronizer is contained in JBM 
1403 Printer, Customer Engineering Manual of Instruc- 


tion, Form 225-6492, IBM 1403 Printer, Customer En-_ 


gineering Reference Manual, Form 225-6493; and IBM 
1414 Input-Output Synchronizer, Customer Engineer- 
ing Instruction-Reference Manual, Form 223-2590. 


Three types of commands are used with the 1403 
printer. Two are variations of the basic 1-o command 
used with all 1-o devices. Using E-channel unover- 
lapped operation as an example, the three com- 
-mands are: 


Vv 


M %20 BBBBB W | 
Transfer data to print buffer and initiate a print operation 
(if data transfer is correct). | 


v 
M %2l1 BBBBB W | 
Transfer a 1 to the print buffer for each word mark in the 
output field (no data is transferred) and initiate a print opera- 
tion (if data transfer is correct). 
v 
Fd | 
Move forms under control of d-modifier character. 


Printer Load Command 


Load mode operation is seldom used with the 1403 
printer because a word separator (ws) character is not 


a printable character. If an output field containing — 


word marks or word separator characters is transferred 
to the print buffer in load mode, each word mark 
appears in the buffer as a word separator character. 
Each word separator character in the output field ap- 
pears in the buffer as two word separator characters. 
A blank space appears in the printed line in place of 
each word separator character in the print buffer. 


A GM-wM must be positioned in the output field 
so that exactly 100 characters (for the 13M 1403, Model 
I) are transferred to the print buffer or a wrong length 
record indication results and the record is not printed. 
When using load mode, word mark-word separator 
conversion must be considered when determining the 
number of output characters. 
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Note: See ALD 51.43.20 fora feed-through list 
141] : 1414 


Unit 2 Select to I-O 


oe Output Mode to Buffer 


13.50.03 


15.62.01 51.40.02 
13.70.04 Ready to Buffer 51.40.04 
15.60.31 51.40.10 
13.70.04 Correct Trans to Buffer #Go 51.40.04 
13.70.04 | Reset Select Buffer Latches, #Reset CPU_ | 51.40.06 
13.70.04 Forms Control to Buffer #Forms Control _| 53.50.04 
13.70.04 | Forms Stacker Go #Forms and Stacker Go _.| 51.40.50 
12.65.03 |Comp Reset to Buffer #Compt Reset 52.11.01 
13.70.04 | * 1401 Mode to Buffer * #1401 Mode 51.40.06 
12.62.01 Buffer Read 51.40.18 
12.62.02 51.40.19 
12.62.03 51.40.20 
12.62.03 51.40.21 
13.42.11 51.40.12 
12.61.13 53.56.01 
12.61.13 53.56.01 
13.70.02 53.50.03 
13.70.02 53.42.02 


*Forms Busy Status to CPU 


#Line Name Changes at Terminator in 1414 
*Also Used in 1401 Mode 


Figure 58. Channel Lines — Printer 


Printer Move Command 
Instruction format: O XXX BBBBB W 


For instructional purposes, diagrams are referred to at 
the appropriate point in the text. Use Figures 34, 58, 
59, 60, 61, and 62 for reference purposes. 

The basic 1-0 instruction format is used for 1403 
printer move or load operation. The hundreds position 
of the X-control field must contain one of the following 
characters or an instruction check occurs: 
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1403 Printer 
Move Op Code 
Read Out | 
. Instruction 
__On Channel Interlock Off 


1-3 =e I-3 Channel Reset ——— J[-4 


Ready 


Busy Pie a ——— [-12 vs 
Condition metals es (Status Sample A) 
Yes Any Indicators On No 
End Operation : ! 


T-12 
(Status Sample A Delay 


eer cme eer re ee =| —<— = aummere 8 amee 


See Figure 60, Sheet 1 


Set E Channel -- Status Sample A Delay 
in Proc Latch 


See Figure 60, Sheet 2 | | e Buffer Op 
Channel Reg Op 


— ne — Tl a A A STH 8 oS 838 ce 


See Figure 60, Sheet 3 3 E Cycle Control 


See Figure 60, Sheet 4 


! | xe “End of Transfer. 


See Figure 60, Sheet 5 


See the indicated figures for a more detailed flow chart 


Figure 59. 1411-1403 Printer Operation — Basic Logic Flow 
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a ie 


See Figure 34 for a 
detailed flow chart of an 
M/L Instruction Read-Out 
| Operation 


1403 Printer 
~ Move Op 
Code 


Select E Channel Channel Select Character also Selects\ 
13.50.01 , Overlap or Unoverlap 


When either the E channel move or load mode _ 
latch is on, the channel one interlock indicator glows 
(white) on the 1415 console 


Channel I/O ___f E Channel Indicators Must Have Been i Os 
Interlock Test | Tested Since Last E-~Channel Command 


Yes Channel One 


interlock On 


Resets Chan 


System Check Set I/O Interlock E Channel Reset Controls and Status | __ 1-4 = 
T/O Inlk Indicator = Check 15.41.12 Latches See 
Glows (red) on _ = Fi 
18.14.11 ig 17 
1415 Console ; 
Select Unit 2 T-4 
; Master Error Printer SSS SS SS Se ee 
— 18.14.08 
11.10.02 A "1" in the Set Unit 1-5 
Register Causes WM's}-—- — Number Reg  -- — — oe 
to Print as "1"'s 15.55.01 
Enter B-address I-6 - I-10 


into BAR (Unoverlap}—- — — — — — — — — —- — — 
and E AR(Overlap) 


Overlap /Overlap Unoverlap 
F Channel! 
in Process 
C te Disab] 
Set E Ch joy epee gh e 


Output Mode Latch-- — — — J-11 
15.62.01 


M Op Reg L : 
M or L 


Lights the 
Ch One Interlock 


Indicator on 


1415 Console 


Set E Channel 
Load Mode Latch -—- — — — — — — = 
15.62.02 


Set E Channel 
Move Mode Latch 
15.62.02 


Yes /Printer Not Ready No 
53.42.02 


Set E Channel Yes 


Not Ready Indicator] | 


Indicator 
on 1415 


Printer Busy 
53.50.03 


Console 12.62.01 Indicator Ser & Channel Error on Preceding No 
on 1415 Busy Indicator : jy ae 
Console 12.62.02 indicatar . Sah E- Channel ——s 


Condition Indicator 


12.62.04 


on 1415 
Console 


Vas Any E Channel No 
Status Sample A Delay Status Indicator On — + Do E Phase 
13.72.05 
| Yes Ch Cond No. | = 
Indicator On 
To Sheet 2 (81) 


Last Execute Cycle 
13.65.07. STATUS SAMPLE 


A (I 12) 


Turns Off 


Reset Select rans and Print Error 
Buffer Latches 


Latch in 1414 
13.70.04 


52.12.01 Read Out Next 
: Instruction 


Figure 60. 1411-1403 Printer Operation — Logic Flow (Sheet 1 of 5) 
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Unoverlap ——— 
_— Overlap 


Unoverlap 


. 000-010 
— Set E Ch Unoverlap Set E Ch Overiap rireaian on Time 
= in Proc Latch = Paes eo SRI in Proc ‘Laten = [- i415 C 
1415 Consoie 13.60.04 13.60.04 onsole / 
re Di Last E t 
Holds LGA 2 Compute Disables iy, «a SEND > ast Execute 
Off Cycle _ Cycle I-O 
12.12.60. 13.65.07 
‘| Set I Cycle CPU Proceeds 
| Control Latch with Stored 
12.12.23 Program 
010-020 
Time 
Buffer Begins Ch Operates CPU Takes an 020-030 
——|{ 132 Successive on Request from --{ I-O Data Cycle Time 


I-O Device on Request 


Cycles 


CPU Takes Two 
E Cycles to Fill 
E-1 and E-2 


Turn on Read 


(In) Trigger 
53.40.01 


Print Transfer 


53.11.05 


CPU to J-O © 
Transfer 


51.40.40 


Trans Scan 
51.40.40 


Set Print Buffers 
Rings to Address 
First Position 


Set Buffer 


Strobe Latch 
51.40.43 


Time ! Addressed Pos 


Block Regen 


( Scan” is Inactive) 


To Sheet 3 
Wea “lata hep Toh ee ogy Re oe dl ee 070-080 
| Note: "Not El Reg Full" signals an E Cycle is required. Time 
| On @1410 with Processing Overlap, "Not E-2 Reg Full" | 
also signals an E Cycle is required. | 
| See Figure 110 | 100-000 
L— ——- ~~~ — — a Time 


93.45.01 


Write Output 
Char into Buffer 
53.10.05 


Buffer Strobe 
to CPU 
51.40.43 


Buffer Op Ba ee Soe, 
Continues 


Set E Channel 
Strobe Trigger 
15.62.03 


Set Ch Clocked _ 


On 


Turn on Reset E 2 
Full Latch Tgr 
15.62.05 


Turn Off 
E 2 Full Latch 
15.41.10 


Turn Off . 
To Sheet 4 (82) Strobe Triggers 
15.62.03 


e) On { £-1FullLatch )Off 
On E-2 Full Latch Off 
Chat (34) From Sheets 3 and 4 


Buffer Ring 
Advance 
53.23.02 


Strobe Trigger 
15.62.03 


E2Full Latch )Off 


To Sheet 3 


CPU Takes an 
{ I-O Data Cycle to 
Fill El Reg 


Bring Up Copy 


No Print Buffer Yes El pies ee Bit 
Pos 132 


Bring Up Copy 


Turn on EI BCD to E2 
Home Trigger 15.62.06 
53.22.01 
>€ Not a machine logic decision. 2) 
Decision block used to simplify From Sheet 4 


following the flow chart. 


Figure 60. 1411-1403 Printer Operation — Logic Flow (Sheet 2 of 5) | Reset El 


Set E2 
15.62.04 
Set E2 Full Latch 
15.41.10 


Full Latch 
15.41.10 


84 : ; €1) To Sheet 3 


(<1) From Sheet 2 


On’. Int End of Tran Off 
Latch 


15.41.10 : 
Unoverlap 
pusihe eee Overlap 
CE!) To sheet 5 
eee & E2 Full Latch 


15.41.10 


O Ext End of Tran 
n e 
Trigger 
13.42.11 


__Off 


El Req Wd 
Sep Latch 
15.41.11 


(B4) To Sheet 2 


E Cycle Required 
12.12.62 
noverlap 


Overlap Unoverlap 


End of Computer 
Cycle 


Compute Disable 
12.12.60 


F Cycle 
Required 


Last Cycle an 
E Cycle 


Set E Cycle 
Ctrl Latch 
12.12.66 


Take an F Cycle 


Set Addr Mod 
+] Latch 
14.30.07 


Overlap ( an ale 
Unoverlap 


Use Logic Clock 
Ext Ring 
11.10.20 


Take an E Cycle 
12.12.66 


Use E AR to 
RO B Field Char 
14.71.35 


0 Unit Number ] 
Req O or | 


B Channel WM 


Use B Channel 
Num and Zones 
15.49.05 


‘ 
Insert a* 1" 
on Asm Channel 


15.49.06 


Gate Asm to 


E-1 Input 
15.62.07 


(D1) To Sheet 4 


Figure 60. 1411-1403 Printer Operation — Logic Flow (Sheet 3 of 5) 


E Channel Ready A 
12.12.63 


Compute 
Disable is Active 
Continuosly 
During Unoverlap 


E Cycle 
Required Overrides 
“Compute Disable” 
to Release Logic 


Unoverlap 


Use Logic Clock 
Ring 
11.10.20 


Take an E Cycle 
12.12.66 


Use B AR to 
RO B Field Char 
14.71.31 


Insert a Blank 
(C Bit) on Asm Ch 
15.50.07 
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(D2) From Sheet 2 (D1) From Sheet 3 


Set E Ch Ext . Y B Channel N 
End of Tran Trigger es GM-WM —~2 
: 13.42.11 15.41.07 | | 


Set E Ch Int 
End of Tran Latch |— — — — LGFor W 


13.63.01 Set El 


Full Latch 
15.41.10 


Ext End of Tran 
Trigger 
13.42.11 


@ To Sheet 5 . (B4) To Sheet 2 


Reset E Cycle 
Ctrl Latch  |—— —LGDorU 
12.12.66 


Prevents a | Block to 
Double ECycle / ‘E Cycle Required” Serr eee ee OLE ORY. 
| 12.12.62 


Set E Channel 
Int End of Transfer 
13.63.01 


Set E Channel 
End of Record 
13.63.01 
No Ready Bus \ Yes 
‘Active i 
Off, E Ch Ready On 
Latch 


; Note: This is ~ 
NOT a Channel ~ 
Status Latch 


“Brings Up 
"Ready to Buffer” 
Which Starts Buffer 
Op 


Set E Ch 
So Ready Latch 
13.70.04 


Last LG —— — 


(3) To Sheet 2 


Figure 60. 1411-1403 Printer Operation — Logic Flow (Sheet 4 of 5) . 
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/ Int End of an Set E Ch End “ : 
On Latch Off of Record Latch 
13.63.01 13.63.01 - Output Char 
rz is on Asm 
| eee Choanel’ 


a 


@ From Sheet 3 and 4 


E Channel 
Strobe Trigger 
15.62.03 


(Early GM-WM) On Off 


E2 Full 
Latch 
15.41.10 


(Late GM-WM) 


Set E Channel 
rong Length Record 
13.63.03 


Indicator 
on 1415 
Console 


— — — Status Sample B 


on 1415 


Console 


Ss WLR or Data 
Check Indicator 
On 


Reset Select 
Buffer Latches 
13.70.04 


Line Name 


Changes to "Reset 
CPU" in 1414 


Turn Off Trans and 
Print Error Latch 
53.12.01 


Overlap Unoverlap 


Turn Off 


Unoverlap in 


Turn Off 


Overlap in Process 


— — Status Sample B Delay — — Process Controls 


13.60.04 


Controls 


13.60.04 


Set I-O Last Ex 
Latch 
13.65.07 


CPU Proceeds 
With the Stored 
Program 


Figure 60. 1411-1403 Printer Operation — Logic Flow (Sheet 5 of 5) 


Status Sample B — — 


Parity or Clock 
Ne Error During Trans 
53.12.01 


Indicator 


—— Second Sample B — — — — — 


Off 


End of Record 
Latch 
13.63.01 


On 


Set E Channel 
Correct Length Record 
13.63.03 _ 


Yes 


Set E Channel 
Data Check — — —Status Sample B 
12.62.04 


No 


Line Name 
Changes to "Go" 
in 1414 


+. Correct Tran 
to Buffer — 
13.70.04 


Turn On Scan 
Call Latch 
53.40.01 


Starts Printer Op 


— — Status Sample B 
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SYNC 
Address Switches 00018 


ALD LINE 
1. +5 | Ring 


Logic Gate Z 


Set Op Reg 


Set 1-O Ch Sel Reg 
E Ch Reset 


E Ch Select Any Buffer 


Set E Ch Unit Nu Reg 


Set BAR 


Set Op Mod Reg 
E Ch Output Mode 


E Ch Status Sample A 


E Ch Move Mode 


E Ch Status Sample A Delay 


E Ch Unovlp in Process 


Compute Disable Cycle 


E Cycle Required 


E Cycle Control 


E Cycle 


Set E-1 Reg 


E-1 Reg Full 


Set E-2 Reg 


_E-2 Reg Full 


E Cycle Any Last Gate 


E Ch Ready Latch 


ALD PAGE 


11.10.10 


12.13.04 


13.50.01 
15.41.12 


13.60.03 


15:59:01 


14.71.11 


15.38.04 
15.62.01 


13.65.06 


15.62.02 


13.65.06 


13.60.04 


12.12.60 


12.12.62 


12.12.66 


12.12.66 


15.41.10 


15.62.04 


15.41.10 


13.70.04 


TEST POINT |’ 


11C2 JOE 


11C1 HO7C 


11D3 J21B 
11C3 A06B 


11D3 G18C 


11D3 J21C 


11C1 C26H 


11D1 H19H 
11D3 C21C 


11D3 EO3C 
11D3 C11D 
11D3 BO9A 


11D3 B15C 


11D3 DO2D 
11D3 H18Q 


11D3 J20R 


11D3 C24A 
11C4 A15C 


11C3 D14B 


11C4 A15A 


11C3 F21F 
11D3 D13Q 


11D3 H23K 


Figure 61. 1403 Print Command Timing Chart 
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00001 M%20 01000W 


Ct ese 
EEE ELL Lr LIE ce 


ETT Tel [i fe 


EE Per Ui dc 


TESTE 


1414 | vai 


Assembly Channel 


15.62.03 


Pulls Trigger Off) 


Set E-1 Reg 


M or L Op Codes 


Percent or Com| At 
Sel Unit lor Unit 4 - 
| Cycle 


) 


| Ring ime 


L@ forly B or S E-Ch Wd Sep 


Output Mode 


E Cycle 

B-Ch Not GM and WM 
Early Last Gate |-O 
Not E-Ch 1st Char 


2nd Address 


Places Stacker 
Select Character’ 
on E-Channel 


Set E-2 Reg 


> On 
lst CP 
2nd CP Off 


| Output Mod 
E-Channel Not Control Reg Disable 
Strobe 


E-Ch Wd Sep Mode 


E-1] Input WM Bit 


Not E-Ch Wd Sep 
Not E-1 Input WM Bit 


E-1 Reg Word Sep 


KS MAG 


CG.GG ] 


E-Channel 
Clocked Strobe 


(Pulls Trigger Off) 


Y LLL 


LL. 


SS 


E-1 Reg Full 


WM 


E-1 
Data Reg 
One Bit 


E-1 Reg Wd Sep 


Das 
15.41.11] 


15.60.21 


N 
WOON 


The Three Copy Control 
Lines Are Not Shown 
1. Copy E-1 BCD to E-2 Reg 
2. Copy E-1 WM C Bit 

3. Copy Invert E-1 WM C 
Bit 15.62.06 


LASS 


Wy 


ULL 


YL 


E-2 Reg Full 


**k 


] = 
sais 15.41.10 \ 
Not E-2 Full : N 
E-Ch Output Mode coset E : Nx 
ull Late On Ly 
Ist CP = TS Channel Output 
Lines to 
1414-3,4, or 5 
e 2nd CP * 15.60.31 
E-2 Reg Full 


(A) Clocked Strobe 
Output Mode 


Set E-2 i 
Reg Delayed 
O 


Ist CP ; 


E cnae ps | 
[whee heonel Reset 2 


E-Ch Sel Any Buffer 


E-Ch No Status On 


1-O Percent Latch 


| 

Correct Transfer | 
to Buffer | 
| 


13.70.04 
| Status Somple B Dela 


| M or L Op Codes 


1411 
a aes eee ae ween Percent or Coml At 


1414 


| [Ring 11 Time 
| Logic Gate F 


| Wor X Symbol’ Op: Modifier 
| 2nd Clock Pulse 


Sel Unit 2 
Ready For 
Print Or Forms 


(Initiates Print {53.40.01 


| 
Operation) Printer (141) 


Figure 62. Channel Register Operation — Printer 


Set E-1. Reg 


E-Ch Output Mode 


E-Ch In Process 


Ch 1 


Unoverlap 


Console 


ene Indicator 


E=Ch in Process 


E Cycle Required 
12.12.62 


an Console Indicator 
L : "Write" 


15.62.01 


** 
Z L 
E-Ch Status Sample A Dela be 13.60.04 


Not E-1 Reg Full 
Not E=Ch Int End of Tran 
Not E Cycle and Any LLG 


Output mero 


E-Channel Reset 


E-Ch Ready 


E Cycle Any Last Gate Rdy To Buffer 


E-Ch Sel Any Buffer 
Not Master Error 
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E-channel unoverlap 
E-channel overlap 
F-channel unoverlap 
F-channel overlap 


Percent sign % 
Commercial at @ 
Asterisk . 
Lozenge O | 
The tens position of the X-control field contains a 2 
to select the printer. The units position of the X-control 


field should contain one of these two characters: 


0 Print data (ignore word marks in the output field ) 
1 Print a 1 for word marks in the output field (ignore 
data ) 


Figure 99 shows the assembly controls for printing l’s for 

word marks. 
Figure 59 shows basic logic flow for a printer move 
op code. Note that the command is not executed if any 
channel status indicators are on at the end of I-phase 
(status sample A time). If no channel status indicators 
are on, the command is executed and the output field 
in the cru is transferred to the printer storage ( buffer ) 
in the 1414 synchronizer. The B-address specifies the 
high-order (left) position of the output field, because 
the record is reverse scanned (left to right) from the 
core storage unit. The d-character may be a W or an X 
indicating a write, or output, operation. If an X d- 
character is used (write to end of storage) the initial 
data address must be selected so that the correct 
number of characters are transferred to the printer or 
the 1403 will not print. 

The write word marks command, M%21, is used in a 
program printout, for example, where it is necesary 
to identify word mark characters. The 1403 printer 
can print neither word marks or word separator charac- 
ters so the write word marks command permits the 
printer to print a 1 in place of a word mark in the 


output field. 


SAMPLE PROGRAMMING SEQUENCE 
00001 M %2101000W Write word marks 
00011 k000012 If busy, try again 
00018 RO2000+ Branch on any status indicator 
(to any routine) 
Write a record 
If busy, try again 
Branch on any status indicator 
(to any routine) 
Process data 
Print next record 
UTPUT FIELD , — 
01000 40800008010D0881008710LJ etc 
01132 = 


00025  M%2001000W 
00035  R000252 
00042 R02000+ 


(main routine ) 
(branch to print routine ) 


| PRINTED RESULT 
(first line ) 


1 
(second line ) A0800008010D0881008710LJ 


etc 


I-Phase Sequence 


Details of 1-0 instruction read-out are presented in the 
I-O Sequence section. See Figure 34. The following 
presentation assumes a knowledge of 1-o instruction 
read-out, and shows only the more important aspects 
of the instruction read-out. 
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During I-phase, the instruction word characters are 


-read out of the 1411 core storage unit and placed in 


various registers to control the execution of the print 
command. An M or L in the op register brings up the 
following op code grouping lines: 


M or L Op Codes 

Percent Type Op Codes 
Address Type Op Codes 
Two Address Op Codes 

2 Addr Plus Mod Op Codes 
No Index on Ist Addr Ops 
No Branch Op Codes 

Not Addr Dbl Op Codes 


I-Op Time: The op code character reads out and is 


placed into the op register (Figure 54), bringing up 


the necessary op code grouping lines. An M in the op 
register specifies move mode. Load mode is seldom 


used in 1403 printer operation and is not described. 


I-1 Time: The special advance control latch turns 
on to gate two extra advance pulses (Lc C and LG p) 
that advance the I-ring to I-3. 


I-3 Time: The channel select character reads out and 
is placed in the 1-0 channel select register. With a 
channel selected, the 1-0 channel interlock test is made 
to see if the stored program has interrogated the chan- 
nel status indicators since the last channel command 
for the selected channel. A satisfactory interrogation 
of the channel status indicators resets the move (or 
load) latch for that channel. Therefore, if the channel 
move or load latch is on at the start of another opera- 
tion, a satisfactory test was not made, the 1-0 Interlock 


check indicator (on the 1415 console) is turned on, 


“master error” becomes active, and the cpu stops at I-3. 


I-4 Time: A channel reset is generated, resetting the 
channel controls and the channel status indicators 
(Figure 17). The unit-select character reads out and 
is gated to the channel unit-select register. A 2 in 
the register gates the printer status to the channel 
status buses later in I-phase when the output mode 
latch is set. 

I-5 Time: The unit number character reads out and 
is set into the unit-number register. The character 
conditions the assembly controls. A 0 in the register 
permits data in the output field, except word marks, 
to be transferred to E-1. A 1 in the register causes in- 
sertion of a 1 on the assembly channel for each position 
of the output field that contains a word mark. If no 
word mark is present, a blank (C-bit) is inserted on 
the assembly channel. 


I-6 through I-10 Time: The padivess reads out and 
is placed in the B-address and D-address registers. If 
the command specifies overlap operation, the B-ad- 
dress is also placed in the E-address register (for E- 
channel operation), or the F-address register (for 


F-channel operation ). 


oe 


I-10 Time: If the command specifies unoverlap op- 
eration, the computer is interrupted (disabled) at 
I-10 time if the other channel is executing an I-o opera- 
tion. In other words, an unoverlapped operation cannot 
be started if an overlapped operation is in process. 
The computer is kept disabled only until the channel 
in process completes its operation. 

I-11 Time: The d-character reads out and is set into 
the op modifier register. Because of overlapped opera- 
tion, op mod register, op register, and the 1-0 channel 
select register must be free to accept characters of the 
next instruction word. Therefore, the information in 
these registers must be stored in the channel control 
latches. During I-11 time, the W in the op mod register 
gates the set of the output mode latch (E-channel), 
or the write latch (F-channel). The output of the 
latch lights the write indicator, for that channel, on 
the 1415 console. The output mode latch also gates 
the assembly channel to E-1 input, and switches with 
E-cycle or F-cycle (ALp 13.60.06) to produce “output 
cycle.” Output cycle brings up regen memory and also 
conditions the B-channel and assembly controls. If no 
W (or X) is present in the op modifier register, “out- 
put mode to buffer” does not become active, and a 


channel not ready indication occurs (Figures 102 and — 


103). 

I-12 Time: I-12 is the last instruction read-out cycle, 
during which the channel move or channel load latch 
is set according to the character in the op register. 
The status sample pulses are generated during I-12 
time. 

Last Execute Cycle: During the last instruction read- 
out cycle of an overlapped command, “last execute 
cycle * I-O” becomes active, gating the set of the I- 
cycle control latch (Figure 120). 

Status Sample A: This pulse occurs at logic gate 
D of I-12 time, and samples the A-status buses. Con- 
densed logic, Figure 101, shows generation of the status 
sample pulses. 


Status Sample A Delay: This pulse occurs at logic | 


gate E of I-12 time and samples the output of the chan- 
nel status indicators. If any status indicators are on at 
status sample A delay time, the operation is terminated 
(no E-phase) and the program proceeds to the next 
sequential instruction (Figure 120). 


I-Phase Channel Status Indicators 


Channel status indicators that can be set at the end 
of I-phase (status sample A time) are referred to in 
this manual as A-status indicators. For an M%2 op 
code, the A-status indicators (Figure 87) for the 
printer are: 

Not Ready (Requires manual intervention) 


Busy Printer is unloading the buffer (printing a 
line ) | 


Error detected during printing of line from 
a previous command | 
Not Ready: Figures 102 and 103 show the printer 

status gated to the cpu by “select unit 2.” In cpu, “buf- 

fer ready” is gated to the channel ready bus by “E- 

channel select any buffer.” With the ready bus active, 

the input to the channel not ready latch is blocked, 
preventing the status sample A pulse from turning on 
the latch. 


Busy: Figures 102 and 103 show the printer busy 
status gated to the cpu by “select unit 2.” If the printer 
is busy, the channel busy bus becomes active, AND ing 
with “E-channel ready bus” and “status sample A” to 
set the channel busy indicator. 


Condition 


Condition: This indicator is set for one of two types 
of errors that may result from print commands: “latent” 
errors set the channel condition indicator and “imme- 
diate” errors set the channel data check indicator (de- 
scribed later). Either type of error sets the transfer 
and print error latch (atp 53.12.01) in the 1414 
synchronizer. A latent print error is any error result- 
ing from a print command where the error is not 
detected by the cru until another print command is 
given. In the following program, for example, assume 
that a latent error results from the command to print 
record A. 

00001 M % 2003000 W 


00011 RO00012 
00018 RO10008 


Command to print record A 
If busy, try again 
Branch to 01000 if channel 
_ condition indicator on — ; 
Branch to 02000 if any chan- 
nel indicator on 
(Record A is printed while 
CPU proceeds with pro- 
gram ) 
Command to print record B 
If busy, try again 
Branch to 01000 if any chan- 
nel indicator on 
01000 05000 Halt 
*At this point, the CPU detects the latent error that occurred 
as a result of the command to print record A, and the pro- 
gram branches to 01000. Assume a halt at 01000. The com- 
mand to print record B is not executed. | 


00025 R02000¢ 


( processing routine ) 


00101 M % 2004000 W 
00111 RO01012 
*00118 RO10008 


When the channel condition indicator is set, the 
cpu generates reset select buffer latches to turn off 
the transfer and print error latch in the 1414 synchro- 
nizer (Figure 112). This permits the next print com- 
mand to be executed (if no status indicators are set 
at status sample A time). 

A channel condition indication (Figure 104) may be 
caused by any of the following errors: 

Buffer clock error | 
Syn check 

C-Bit check (buffer parity error ) 
Print line complete error 

Print equal compare error 
Hammer fire check 


Delay error (printer to buffer timing error ) 
Print control error (hammer reset error ) 
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_ For additional information on printer errors, see the 
1414 Input-Output Synchronizer, Customer Engineer- 
ing Instruction-Reference Manual, Form 223-2590. 


The output of the transfer and print error latch is 
gated to the cru during I-phase of the printer com- 


mand, the channel condition indicator is set at status 


sample A time, and the command is not executed. cpu 
acknowledges the error indication by anping “E Ch 
condition” with “E Ch select any buffer” at status 
sample A delay time to generate “reset select buffer 
latches” (Figure 112). This line becomes “reset cpu” 
in the 1414 synchronizer and resets the transfer and 
print error latch, permitting the next print command 
to be executed. 


_ If no status indicators are set, “status sample A de- 
lay” turns on one of the four channel in process latches, 
according to the character in the 1-0 channel select 
register (Figure 62). | 


Percent sign % E-channel unoverlap in process 
Commercial at @ E-channel overlap in process 
Asterisk - F-channel unoverlap in process 
Lozenge O F-channel overlap in process 


Each latch has an indicator on the 1415 console. If 
the print command specifies overlap, the cpu proceeds 
with the next sequential instruction after setting a 
channel in process latch. If any status indicator was 
turned on, the cpu does not execute the print command 
and proceeds with the stored program. 


E-Phase Sequence 


During E-phase, the cru transfers characters from core 
storage to the 1-0 channel on request from the channel 
controls. Use Figures 59 and 62 to follow the data 
transfer operation. — 


Channel In Process Latch: With no status indicators 
on at the end of I-phase, one of the four channel in 
process latches is turned on. “E Ch in process” AND’s 
with “not E-1 reg full” and other conditions (Figure 
62) to bring up “E-cycle required,” causing an E-cycle 
that brings the first output character from core storage 
to E-l. At this point, the E-2 full latch is off and the 
character transfers from E-1 to E-2. During this E- 
cycle, the E-channel ready latch (not the channel 
status indicator) is turned on, bringing up “ready to 
buffer” which initiates buffer operation. The cru takes 
another E-cycle to fill E-1. 


E-Channel Ready Latch: The output of the latch, 
“ready to buffer” brings up “ready 2” in the 1414 
synchronizer. “Ready 2” ANnp’s with “select unit 2 pow- 
ered,” “ready for cpu transfer,” and the off output of 
the read latch to turn on the read trigger. See the 
appropriate condensed logic diagram in the 1414 Input- 
Output Synchronizer, Customer Engineering Instruc- 
tion-Reference Manual, Form 223-2590. | 
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Read Trigger: The output of the trigger, called read 
in, turns on the print buffer ring advance triggers, 
initiating a print buffer read in operation. “Trans scan” 
is active during the read in operation. 

Strobe Latch: At 020-030 time of the first buffer cycle 
the buffer strobe latch turns on to gate every 100-000 
time pulse to cpu as “buffer strobe.” The strobe latch 
is turned off when trans scan falls at the end of scan. 

Channel Operation: During each buffer cycle, the 
character on the channel output lines is written into the 
print buffer. A strobe signal generated by the syn- 
chronizer causes the channel controls to set the next 
output character into E-2. The character transfers from 


the E-1 register to the E-2 register under supervision — 
of the register transfer and data flow controls. An E-- 
cycle is taken to bring a new character from core stor-. 


age to E-1 (Figure 62). | 

Unoverlapped Operation: The crv is idle (logic 
clock ring is disabled) except when the channel controls 
request the cru to take an 1-0 data cycle (E-cycle) to 
transfer an output character from core storage to E-1 
(Figure 119), ce 

Overlapped Operation: At the end of I-phase of the 
print command, the cru proceeds with the next se- 
quential instruction. Processing (computing ) continues 
until the channel controls request the cpu to take an 
1-o data cycle to transfer a character from core storage 
to E-1. Computing is interrupted (disabled ) while the 
cpu brings a new output character to E-1. Computing 
is then resumed (Figure 118). / 


External End of Transfer Trigger: Once the buffer 
operation is initiated, the operation continues until 
all 132 buffer positions (13m 1403 Model II) have been 
written with data from the channel output data lines. 
The synchronizer signals cru at the end of buffer oper- 
ation by generating “buffer end of transfer” which turns 
on the external end of transfer trigger in the cpu (ALD 
51.40.12 and 13.42.11). If the ready bus becomes in- 
active during a buffer transfer operation, the external 
end of transfer trigger is turned on immediately. If 
an early GM-wM prematurely terminates transfer of 
output characters, the remainder of the buffer is filled 
with the last output character, which remains in E-2. 


Internal End of Transfer Latch: A GM-wmM in the 
output field, or a core storage wrap-around condition, 
turns on the internal end of transfer latch, blocking 
the cru from taking any more 1-0 data cycles. With 
the GM-wM correctly positioned in the output field, the 
internal end of transfer trigger is turned on before the 
external end of transfer latch. “External end of trans- 


~ fer” forces “internal end of transfer” when no GM-wM 


appears in the output field (Figure 101). 
Status Sample B Trigger: With both the external end 


of transfer trigger and the internal end of transfer latch 


oS 


en ~ 


~~ 


on, the status sample B trigger is turned on at the end 


of the last 1-0 data cycle (E-cycle). The trigger is on 
for two clock pulses and the output of the trigger is 
used to set the B-status channel indicators. (Figure 101). 


Second Sample B Trigger: This trigger is turned on 


the next Ist clock pulse after the status sample B 
trigger is turned on. The trigger is on for two clock 
pulses and the output of the trigger samples the out- 
puts of the B-status indicators. 

Status Sample B Delay Trigger: This trigger is turned 
on the next Ist clock pulse after the second sample 


B trigger is turned on. The trigger is on for two clock 


pulses and the output of the trigger resets the channel 
in process latch. 


E-Phase Channel Status Indicators 

Channel status indicators that can be set at the end of 
E-phase (status sample B time) are referred to in 
this manual as B-status indicators. The B-status indi- 
cators for the printer are: 


Data Check 
Wrong Length Record 


Figure 104 (condensed logic) 
Figure 105 (condensed logic ) 

See also the status indicator chart, Figure 88. 

Data Check: This indicator is set if one of two er- 
rors occurs during a cru to buffer transfer: parity error 
in the print buffer or a buffer clock error. The transfer 
or print error latch (53.12.01) is turned on by either 
of these errors, and the output of the latch is sampled 
at status sample B time. No printing occurs if the data 
check indicator is set. 

Wrong Length Record: A cmM-wm must be posi- 
tioned in the output field so that exactly 132 (or 100) 
characters are transferred from the cru to channel or 
a wrong length record (wir) indication occurs. Dur- 
ing load mode operation, wm and ws characters must 


be considered when computing the number of output 


characters. No printing occurs if the wir indicator is 
set (Figure 105). See “channel status indicators” in the 
I-O Principles of Operation section. 

Correct Transfer To Buffer: If neither the channel 
wrong length record or channel data check indicator 
is turned on at status sample B time, “correct trans to 
buffer” is sent from the cpu to the 1414 synchronizer. 
“Correct trans to buffer” (“go” in the 1414) ann’s 
with “select unit 2 powered” and “ready for forms or 
print” to turn on the scan call trigger. Scan call (aL 


93.40.01) initiates a print operation. Note that the 


record is not printed if a channel wir or a channel 
data check occurred (Figure 112). 


_ Reset Select Buffer Latches: If a buffer clock or a 


buffer data error occurs during a cru to buffer trans- 
fer, transfer or print error latch is set, sending “buffer 
error to the cpu. “Buffer error” gates the turn on of 


the channel data check indicator at status sample B. 


time. The cpu acknowledges the buffer error by gen- 


erating “reset select buffer latches” (“reset cpu” in 
1414) at second sample B time. The “reset cru” line 
resets the transfer and print error latch, preventing 
a false error indication on the next cpu to buffer 
transfer (Figure 112). 


Following a correct transfer to buffer, the print 
operation begins. While printing, any error sets the 
transfer and print error latch. As a result “buffer con- 
dition” is gated to cpu during I-phase of the next print 
command. Status sample A sets the channel condition 
latch, and status sample A delay sends “reset select 
buffer latches” to the 1414 synchronizer, acknowledg- 
ing the error. The command is not executed, but the 


“reset cpu’ line turns off the transfer and print error 


latch, permitting the next command to be executed 
(if no indicators are turned on). 


Last Execute Cycle: E-channel status sample B 
AND's with “E-channel unoverlap in process” to set the. 
1-0 last execute cycle latch which gates the turn on 
of the I-cycle control latch. “Status sample B delay” 
resets the “E-channel unoverlap in process” latch. See 
Figure 120. 


Printer Forms Control Command 


Instruction format: Fd (E-Channel) Mnemonic: CC 

2d (F-Channel ) CC 
This op code causes the 1403 printer carriage to take 
a single, double, or triple space; or skip to the next 
hole in a designated tape channel. The spacing or 
skipping can be executed immediately or after the 
next print command is executed. If printing is taking 
place when the forms command is initiated, the carriage 
operation is delayed until the line is printed. If an 
after-print forms commands is given, the carriage op- 

eration is delayed until after the next line is printed. 
The zone bit configuration of the d-character deter- 


‘mines the type of operation: 


No zone bits Immediate skip 


B-bit Immediate space 
A-bit 7 Space after print 
A- and B-bits Skip after print 


The numeric bit structure of the d-character indicates 
the channel hole to stop a skip operation or the number 
of spaces to take on a space operation (1, 2, or 3 


_ spaces). See Figures 63, 64, 65, 66, and 120. 


Il-Phase Sequence | 


An F in the op register brings up the following op 
code grouping lines to control the operation: 
Not Addr Dbl Op Codes !?: 1d Ig 


—» 2. Char Only Op Codes - !7:'*° ae 
No Branch Op Codes ~ !3,/4:°% 


_ —» Op Mod to A-Ch on B Cy Ops ~ /3:'%07 


Regen Mem on B-Cy Op Codes /?:/4+/.4% 
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Forms . : 
- ; pis 2% : Operation BAS 
Space Key Restore Key ei 
53.50.02 53.50.02 Gate CPU Char to 


CC Register fr 


53.50.01 


Set Manual CCC Reg | 
53.50.02 . 2% ~ 


Immediate Carriage Operation After 
Immediate or after Print 
53.54.01 s 
Printing In Process Is Print Line Complete 
53.51.06 : 53.51.06 - 
53.54.01 =~ 
| Single Space 8 Spaces or More to Go \ Yes 
53.55.01 53.53.01-02 
Triple / Double /Triple _ 
53.55.01 
Impulse Triple Space Impulse Double Space Impulse Single Space sae 
Single Shot | Single Shot Single Shot 
53.55.01 53.55.01 53.55.01 
C 
Energize Slow Start Energize Fast Start . 
53.55.02 53.55.02 wae 


» @ 


Space Space / Skip Skip 
53.54.01 
Single Shot Timed Out End of Skip | 


Continue Space Operation Continue Skipping 


7 Spaces or Less To Go \ Yes ae 
53.53.01-02. 


Continue High Speed Skip 


\ 
} 


- Energize Slow Stop 


| - Energize Fast Stop 
Carriage Slow Downs oak Magnet 
53.55.02 


53.55.02 | a 
Forms Stop Condition 
53.42.02 
Energize Fast and Slow 
Stop Magnets es 
53.55.02 
Figure 63, 1411-1403 Printer Forms Control Logic Flow _ 
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SYNC 
Address Switches 


ALD LINE ALD PAGE 
1. +S :I-Op Time 11.20.01 


. +S I=1 Time 11.20.02 
|-2 Time | | 20.02 
Logic Gate Z .10.01 
Logic Gate B | /. 10.01 
Set Op Reg 113.04 


F or K E Ch Reset .41.12 
~E Ch Forms Ctrl Op Code -55.09 


E Ch Unit Sel Reg 2 Bit .99 .09 


E Ch Output Mode 5.62.01 


Set E~1 Reg 


Set E-2.Reg 


E Ch Status Sample A 
E Ch Correct Length Record 


Forms. - Stacker Go 


7 


Compute Disable Cycle 


E Ch Move Mode 
Last Ex Cycle |-O 


. +8 Logic Gate B 11.10.01 


*Prevents "forms-stacker go" signal to 1414, providing 
a stable scope trace 


~ 1104 ATSC 


-11D3 A25A 


11C2 JIIC 


PROGRAM 


00001 £1 
00003 8 00001# 
00010 J 00001b 


00017 ¥ *(11D3K23 Pin B isolated ALD 13.70.04) 


TEST POINT 
11C1 HO7A 


11C1 JIA 
11C] Kc 
1102 JO9E 
11C2 JIIC 
11C1 HO7C 


11C3 H1I1C 
11D3 D23D 


11D3 FO9B 


= 
a 
= 


11D3 C21C 


11C4 A15A 


11D3. E03C 
11D3 H27C 


11D3 DO2D 


11D3 C11D 
11D3 C27C 


Cede Ey 


Figure 64. 1403 Forms Control Timing Chart 


Cit tite sssel eet yp 


EC LEVEL 
1411 249906(with Accel Feature) 
1414. 113756 | 


Ay ca 


en 
=, 
o~ 
. | 
1411 ; E Ch nee Reg | Not Fons Stoo 1414 
-Bi 
7 Not Stop Intlk 
Rorme Chl Op ‘Code : : | Not Controlled Form Intlk oi 
| Ring 1+ 1401 & 3 Time > L I Snerescoace ie 
Logic Gate D_ 15.95.09 I Not Chain Dela 
- E Ch Reset i | Not CE Mode 
E Ch Unit Sel Reg Not 1-Bit | 
E_ Ch Unit Sel Reg Not 4-Bit | | 
E Ch Unit Sel Reg Not 8-Bit Unit 2 Select to 1-O | oo 
E Ch Unit Sel Reg Not A-Bit 
E Ch Unit Sel Reg Not B-Bit > Buffer Ready 
E Ch Unit Sel Reg Not C-Bit | Forms Ctrl Op 51.40.18 
Console. Not Integ Buffer (CE) 
"Write" Indicator | 
E Ch | 
Output Mode ioe 
—- | Select Unit 2 
Forms Ctrl Op Code L | Write to Buffer 
: 15.62.01 | Scan > 
E Ch Reset | 
| Scan Call 
os 
2 Char Only Op Codes _ Carriage Go 
Last Insn RO Cycle = . 
Not E Ch Not Read Forms-Stacker ee | Not Carriage Stopped ee 
Not E Ch Bus SS # | Print Busy 1.40.19 
Not E Ch No Transfer 13.70.04 | oan: 
Logic Gate E 20 1401 Mode a 
usec 
Op Mod Reg A Bit | GCC Reg Char 
| Not 1401 Mode > 
Op Mod Reg B Bit ets | Not CCC Reg Gate 
1-O Interlock 
E Ch Select Any Buffer Forms Control Bs 
Indicator | 
E Ch Stacker Sel Op Code | 
Esch | Rdy Print or Forms 
Logic Gate F Move Mode 
Forms-Stacker Go 
L 
) Not F B gem 
15.62.01 ! ot Forms Busy CCC Reg 5 
2 Char Only Op Code | L 
Last Insn RO Cycle | CPU fo I-O Bits ; 53.50.01 
Not 1401 Mode | : 
| ee 
# Brings Up Compute Disable | 
¢ r | 
Figure 65. 1411-1403 Printer Forms Control — Condensed Logic 
e aie 
53.40.01 M%20 M%20 F2 M%20 . FD M%20 : M%20 - 
Read In | | 
53.40.01 | \ 
Scan Call | I 
53.40.01 I | 
Scan | | 
53.42.02 | | 
Print Busy I | 
53.51.06 I | ees 
Print in Process f | f | | | | | f | f 
53.55.01 | | 
Auto Space Latch f | | | J | 
53.55.01 I | : 
Single Space Singleshot | | | | j | 
53.54.01 | \ : , 
Skip a eas ee a pe iene —s 
53.55.03 : | \ . 
Decelerate Singleshot f | | f | | j ] : f | 
53.50.03 | a 
Forms Busy | | f | fi 
53.50.01 ; : | I 
CCC Register Be ee Ee 
53.51.06 mies 
Delay Forms J l 
53.55.03 
Delay Reset J | 
53.55.03 : ; 
Carriage Stopped | f | j | f | f 
Program Listing 7 Printer Operation 
M.% 20 (B) W Print a line, ; Print 
R (1) GM ; Branch on any channel indicator-on : Space (Auto) 
M % 20 (B) W Print a line : Print 
R (1) GM Branch on any channel indicator on Skip to 2 
F 2 i Immediate skip to 2 Print pers 
R (1) GM Branch on any channel indicator on Space (Auto) 
M % 20 (B) W Print a line Print 
R (lI) GM Branch on any channel indicator on Skip to 4 
FD Skip to 4 after print Print 
R (1) GM Branch on any channel indicator on 
M % 20 (B) W Print a tine 
R (1) GM Branch on any channel indicator on pe 
M % 20 (B) W Print a line 
Figure 66. 1403 Printer Carriage Sequence Chart 
. e ‘<< “99 ; ° -_ 
I-Op Time: The op code character (F) reads out and _lock is on, “master error” stops the cpu with the 1-o 
is set into the op register, bringing up the op code _ Interlock indicator glowing (red) on the 1415 console. 
° e “ >? ° : 
grouping lines and the “forms control op code” line. - d 
Forms control op code sets. the E-channel output mode — 


The channel interlock is tested to assure that the stored mes _ 
program has checked the channel status indicators latch which is used to gate the printer and carriage 


since the last command to the channel. If the inter- _ status to cpu. 
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I-1 Time: An E-channel reset is generated (Figure 
17) and a 2 is set into the unit select register (Figure 
65). The output of the unit select register switches 
with the output of the E-channel output mode latch 
to generate select unit 2 in the 1414 synchronizer. 


Select unit 2 gates the printer and carriage conditions — 


to the E-channel status buses. The d-character is set 
into the op-modifier register and into the A-data 


register and gated to the input of E-1. At the end of | 


I-1 time, “logic gate early B or S” sets the forms 
control character into E-1 from the assembly channel. 
Normal register operation transfers the character to 
E-2 and it appears on the channel output data lines. 

I-2 Time: The A-status buses are sampled at status 
sample A time and if no channel status indicators have 
been set the command is executed by triggering the 
forms-stacker go single shot (Figure 65). The output 
of the single shot causes the forms control character 
on the channel output lines to be set into the ccc regis- 
ter where it is decoded to determine the type of 
carriage operation to be performed. The single shot 
also generates compute disable to interlock cpu for 
twenty microseconds to prevent the conditioning lines 
from falling. “Last execute cycle * I-O” is generated 
on the last instruction read-out cycle and the Fd com- 


. mand is terminated whether or not the command is 


executed. The channel move mode latch is turned on 
to provide the channel “interlock” which forces pro- 
gram interrogation of the channel status indicators 
prior to another channel command. 


I-Phase Channel Status Indicators 


No status sample B time occurs because there is no 
E-phase. Therefore no E-phase, or B-status, channel 


indicators are used. The I-phase, or A-status, channel 


indicators for a Fd command are: 


Not Ready ‘Printer not ready, chain not running, out of 
forms, etc. 

Busy Previous carriage ae in progress 

Condition Not used 


If either the E-channel not ready or the E-channel 


busy latch is on, the Fd command is not executed. | 


Failure to execute is detected by a subsequent com- 
mand testing the channel indicators (Figure 102). 


- Spin BPCB _ Spin 


uw 


Branch If Printer Carriage Busy Command 


Instruction format: J:(I) R Mnemonic: BPCB 
This test and branch command is used to determine 
whether the printer carriage is busy or not. It may be 
used to assure that the carriage is stopped before 
a test is made of the carriage channel 9 or channel 12 
(overflow ) indicators. | 

Without the use of this command there are two 
possible errors that can occur in a program: 

1. A carriage channel 9 or channel 12 indication 
may be missed, or detected at different times in the 
program. | 

2. A second detection of a channel 9 or channel 12 
indication may occur. (The overflow indicator may 


still be on when the second overflow indicator test is 
made. ) | 


_ Assume the following program: 


Proc a | Processing (time variable) 
BCV _ Skip Branch if overflow indicator on 
CC S- Double space after print 

; BAI Error Error test 

Print ©W _ _ Printout 
BAI Error Error 

| B Proc _ Branch to processing 

Skip cc -A Skip to 1 after print 
BAI ‘Error Error test 
B Print Branch to print 


If the processing time is very short, the overflow test 
could come before the double space after print is 
complete (carriage busy). During the completion of 


the double space a channel 9 or channel 12 (over- 


flow) could be encountered and the overflow con- 
dition would not be detected until after another line 
is printed. 


Now add a branch if. printer carriage base BPCB 
command to the program: | 


Proc Processing (time variable) 
Loop, if carriage busy 
BCV Skip Branch if overflow indicator on 
Remainder of program is the same 

With this addition, if the processing time is very short, 
the BpcB command causes a branch back to itself as 
long as the carriage is busy (moving). The program 
advances normally when the carriage is no longer busy. 
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1411-1011 Paper Tape Reader Operation 


The 18mm 1011 Paper Tape Reader is used in conjunction 
with the 1414 synchronizer to provide a buffered paper 
tape input to the rm 141] cpu. © 


Paper Tape Reader Move or Load Command 
Instruction format::;0 XXX BBBBB R 

The paper tape (pT) reader move or load op code 
transfers the contents of pT storage to the cpu. The 
move op code transfers the data exactly as it appears 
in pr storage. If the instruction is given in the load 


mode, a single word separator character from PT stor- 


age causes a word mark to be placed over the next 
character that is read into cpu. Two successive word 
separator characters from pr storage cause a single 
word-separator character to be placed in core storage 
in the cpu. 


I-Phase Sequence (Figure 67) 
Details of 1-0 instruction read-out are presented in the 
I-O Sequence section. See Figure 34. Instruction read- 
out causes the instruction word characters to be placed 
in various registers to control the execution of the 
PT reader op code. 
M or L in the op register brings up the following 
op code grouping lines: 
M or L Op Codes 
Percent Type Op Codes 
Address Type Op Codes 
Two Address Op Codes 
2 Addr Plus Mod Op Codes 
No Index on Ist Addr Ops 
No Branch Op Codes 
Not Addr Dbl Op Codes 
I-Op Time: The op character reads out and is placed 
into the op register (Figure 67, Sheet 1), bringing up 


the necessary op code grouping lines. An M in the op © 


register specifies move mode; an L specifies load mode. 
I-1 Time: The 1-0 channel select character reads out. 
The I-ring advances to I-3, and the channel select 
character is placed into the 1-0 channel select register. 
I-3 Time: The 1-0 channel interlock test is made to 
see if the stored program has interrogated the channel 


status indicators since the last channel command for 


the selected channel. The check is made by testing 
the move or load latch. A satisfactory interrogation of 
the channel status indicators resets the move or load 
latch for that channel and they should be off at I-3 
time. If either latch is on at I-3 time the 1-0 interlock 
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| _ check indicator (on the 1415 console) is turned on, 


master error becomes active and the cpu stops. 
1-4 Time: The unit select character reads out and is 


placed in the channel unit select register. Unit select . 


character P gates the pr reader status to the cpu. A 
channel reset is developed to reset the control and 
status indicator latches for the associated channel. 

I-5 Time: Unit number character 0 reads out and is 
placed into the channel unit number register. 

I-6 through I-10 Time: The B-address reads out and 
is placed in the B-address and D-address registers. If 
the command specifies overlap operation the B-address 
is also placed in the E-address register (for E-channel 


operation ). - 


I-11 Time: The d-character reads out and is set into 
the op modifier register. For the pr reader op code, the 
d-modifier character is an R to specify a read (input) 
operation. | 

I-12 Time: This is the last instruction read-out cycle. 
If this command is overlapped, the op register, the op 
mod register and the 1-0 channel select register must 
be free to accept the characters of the next instruction 
word. The information in these registers is translated 
and stored in the channel move or load latch, and the 


input latch to control the execution of this 1-o command © 


and the registers are freed for the following instruction. 


Status Sample A: This pulse is developed to sample 
the channel-status buses and set the channel status 


-indicators to reflect the pr reader status. If the pr 


reader is not ready, the channel not-ready indicator is 
set. If the pr reader is busy, the channel-busy indicator 
is set. 


Status Sample A Delay: If either indicator has been 
set, the cpu does not execute the instruction, but pro- 
ceeds to the next sequential instruction. If no indicators 
have been set, the status sample A delay pulse sets 
either the overlap in process or the unoverlap in process 
latch and the pT storage is conditioned to send its con- 
tents to cpu by a request for a pT read transfer scan. 
When the scan request is granted, the pr storage reads 
out, and sends pr storage characters to CPU. 


E-Phase Sequence (Figure 67) 

During each pT storage cycle, a character reads out 
and is sent to the cpu, where it is set into the E-1 data 
register. Transfer of the character from E-1 to E-2 is 
controlled by the word-separator control circuit. If the 
instruction is given in the load mode, a single word- 


BT 


Paper Tape Op Code 


No /RI # Given Since Last oe 
E Channel Command 


15.62.02 
Set 1- O Interlock Select Unit P (PT Rdr) 
13.50.04 
CPU is Stopped if = 
Prog Has Failed. to Test 
10.04 


E Ch Status Latches 


Reset E Channel Controls 
15.41.12 


Set E Channel Not Ready 
Status Indicator 
12.62.01 © 


Set E Channel Busy 
‘Status Indicator 
12.62.02 


Indicators Remain On 
Until Next E Channel 
Instruction 


Set E Channel 
Correct Length Record 
13.63.03 


E Channel Any Status On 
13.72.05 


E Ch Word Sep Mode 
15.62.02 


E 1 Reg Word 

Y g 

= Separator Character 
15.41, 01 


Set £1 Register Word 
Separator Latch 
15.41.14 


E 2 Reg Wd Sep Lat On 
15.41.11 


Yes PT Not Ready No 
55. 
: PT Busy ; No 
35.10.04. 


Set E Ch Unoverlap 
In Process Latch 
13.60.04 


Set PT Read Scan Latch > 
55.10.07 


E Channel No Status On 
13.72.05 , 


% /\1/O Channel Sel Char \ @ 


% or @ 


Set E Ch Overlap 
In Process Latch 


13.60.04 


Ready to Buffer « 
13.70.04 


Set PT Trans Req Latch 
55.10.06 


Set PT Scan Req Latch 
55. 10.07 


No (Some Scan ) 


55.10.07 


Set Buffer Rings 
To Address Position 00 


Read Out Addressed 
Buffer Position. 
Set Strobe Trigger 
15.62.03 
No E1 Register Full 
15.41.10 


Load 


Set El 
15.62.04 
Set El Full 
15.41.10 
Reset Strobe Trigger | 
15.62.03 
Load Mode vA Move Mode 


Set E 1 Reg Not Word 
Separator Latch - 
15.41.11 


Any Scan In Process 


Move 


Set E 2 Reg WD Sep Lat 
15.41.11 


Advance Buffer Rings 


Copy E1 WM C Bit 
15.62.06 


No/ E2 Reg Full Latch On \ Yes 
15.41.11 


Set E2 
15.62.04 | 


Reset ET Reg Full Latch 
15.41.10 


7 E 2 Register Word 
Separator Latch On 
15.41.11 


N 


E1 Register Word 
Separator Latch On 


Set E 2 Reg Full Lat 
15.41.12 


Yes 


E 2 Full Signals the CPU 
To Take a Storage Cycle 
(See Part 2) 


PT Storage Pos 79 
51.31.01 
51,32,01 


Yes 


Turn On End Of Scan Tr 
51.32.01 ! 
Set External End of Trf 
13.42.11 
Read Next Record 
into Buffer 


This Line Places a WM 
In E 2 Over the 
E 1 Character 
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CPU Operation After . me | 
112 of PT Op Code . . : . : 
— : Ip. 
Sup “Overlap | / Unoverlap scl 
E 2 Full E 2 Full 
15.41.10 ; 2 15.41.10 
Take Compute or _ Int End of Transfer Int End a Transfer C te Disabl 
Ext End of Transfer Yes . Yes Ext End of Transfer 
13.42.11 13.42.11 
Yes/ Int End of Transfer \ No No Int End of Transfer Yes . 
13.63.01 13.63.01 


E Cycle Required 
12.12.62. 


Compute End of Cycle )}- 
F Cycle Required 


Set E Cycle Control 
12, 12.66 


Set Addr Mod By . 
Plus One Latch 
14.30.07 © 


ae Overlap 7 Unoverlap uve | 
Use Logic Clock Extension Use Normal Logic Clock 
ie 11.10, 20 . 11.10, 20 
Take An E Cycle Take An E Cycle 
12.12.66 


: 12.12.66 
Use E AR To RO ‘Use B AR To RO 
B Field Character B Field Character 
14.71.35 14.71.31 


Last Cycle An E Cycle 


Take An F Cycle 


Gate E 2 Reg to ACh 
15.38.03 


_ Figure 67. Paper-Tape Move or Load (Sheet 2 of 3) 
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No BChGM WM __ \VYes 
15.41.07 


Set End of Record Latch 
13.63.01 


Ast Ins Sw Off 


15.44.06 
ae ACh Valid A Ch Valid 


Master Error Stop Clock Load Load a Move 
Use A Ch WM Use B Ch WM 
15.49.02 15.49.04 


Use A Ch Nu and Zones 
15.49 .03 


Set Int End of Trf 


13.63.01 


Use Full B Ch 
15.49 .05 
Set Asterisk 
15.49.06 


Set E Ch Check Latch. 
12.62.04 


Prevent A Ch Valid Check 
18.11.03 


Reset E2 Full ~ 
15.41.10 


Yes Ext End of Trf 
13.42.11 
Yes El Not Full and No 
E2 Not Full 
Set Last Input Cycle 


Set Int End of Trf — 
13.63.01 


Set End of Record © 
13.63.01 


Ext End of Trf uo 


Yes / Strobe Trigger On No 
15.62.03 


No 


Set E Channel Wrong 
Length Record Status 


Indicator 13.63.03 


Set E Ch Correct 
Length Record 
13 .63 .03 


PT Storage Parity, 
Clock or Ring Error; 
1011 Parity Error 
52.12.01 


Yes 


Set E Channel Data Check 
12.62.04 


Ovl 
ao Overlap / Vnoverlap oop 


Turn Off Overlap Turn Off Unoverlap 
In Process 13.60.04 In Process 13.60.04 


Continue Execution ee 
. of Stored Program _ Set Last Execute Cycle 
Ce Eo Read Out Next Insn | | 


Figure 67. Paper-Tape Move or Load (Sheet 3 of 3) 
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separator character from the reader places a word mark 
over the following character. A pair of word-separator 
characters causes a single word-separator character to 
be written in storage. If the instruction is given in the 
move mode, a word-separator character from pr stor- 
age is stored as a word-separator character in the cpu. 

If the command is unoverlapped, the cru takes an 
E-cycle only when necesary to store the E-2 character. 
During the time E-2 is not full, the cru is disabled. 
If the command is overlapped, the cpu stores the E-2 
- characters with E-cycles and continues to process sub- 
sequent instructions during the time E-2 is not full. 

Once the read-transfer scan is initiated, the pr stor- 
age-scan circuitry runs continuously to read out each 
position of pr storage and send it to the cru. The trans- 
fer continues until all 80 positions of the pT storage are 
transferred. As each pT storage character reads out, a 
control bit (Ly core plane) is placed in that position 
in preparation for the next PT read in. 

When a group mark with a word mark is detected 
in a storage position, or if a wrap-around condition is 
detected, the internal transfer is ended and the cru 
waits for the external end of transfer. If the external 
end of transfer is detected before the internal end of 
transfer, an extra cycle is taken after the E-1 and E-2 
data registers are emptied to search for the group mark 
with a word mark. During this last input cycle, the 
internal end of transfer is forced whether or not the 
group mark with a word mark is detected. _ 

Status Sample B: With both the external end of trans- 
fer and the internal] end of transfer complete, the status 
sample B pulse tests for transfer errors and whether 
or not the record length was correct. Any PT storage 
error during the transfer causes the channel data-check 
status indicator to be turned on. A wrong length 
record causes the channel wrong-length record status 
to be turned on. A parity error in the 1011 pr reader 

(8 channel tape only) also causes the channel data- 
check indicator to be turned on. — 

Second Sample B: This pulse is used to sample the 
outputs of the B-status indicators. 

Status Sample B Delay: This pulse resets the “chan- 
nel in process” latch and the crv is released to continue 
_with the stored program. | 

As soon as the transfer is complete, the pr storage 
circuitry sends a “go” signal to the pr reader to cause 
the next record to be loaded into pr storage. : 


Buffer Operation 
The 1414 integrated synchronizer (Figure 68) can 


have eight 80-position core storage units. One of these — 


storage units can be assigned to the paper tape reader. 
Eighty characters for the pr reader are stored in the 
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End of record 


~ Character received 


PT storage unit. When the unit is filled, the contents 
can be transferred to the cpu. pr storage has eight 
planes; seven planes store the characters in scp form, 
the eighth, or control plane, (Ly) locates the storage 
position for incoming characters. PT storage uses the 
same addressing system, data register, and clock as 
the other integrated synchronizer storage units. 

When used with the integrated synchronizer, the PT 
reader uses the circuitry assigned to option 4. 

There are 13 lines that connect the 1011 and the 1414 
synchronizer for control. The names and functions of 
these lines are: 

LINE | FUNCTION 
Paper tape ready: Output line from the 1011. Indicates 
that power is on, that tape is properly 
loaded, and that the start key was 
pressed. 
Output line from the 1011. Indicates 
an 8-channel tape parity error. 
Output line from the 1011. Indicates 
that the end of record character was 
detected, 
Output lines from the 1011 output 
data register (register B). 
Output line from the 1011. Indicates 
that a character is present on the data 
output lines. 
Input line to the 1011. Indicates that 
the character on the data output lines 
was received and stored. | 
Go Input line to the 1011 that requests a 

| character. | 

Paper-Tape Read-In (Figure 69): Paper tape read in 
is initiated by the “go” signal from the 1414 syn- 
chronizer. The go signal is generated with a power-on 
reset, or after a read transfer scan takes place. When 
the 1011 receives the go signal, the drive mechanism 
is set in motion, and as each character becomes avail- 
able at the output bit lines, a data-sync pulse is sent 
to the paper-tape storage circuitry. The data-sync 
pulse requests a serial scan to store the incoming char- 
acter. Requesting the scan gates the character into 
a data register, and then signals the 1011 that the char- 
acter is received. 

After priority conditions are satisfied, a scan is initi- 
ated to locate the first blank position. When the correct 
position is located, the character is stored and the rings 
reset. After 80 data-sync pulses are received, or if the 
1011 signals an end of record, the go line is dropped 
to stop paper tape reading. These conditions also reset 
the paper tape busy latch to allow a paper tape read 


PT parity error 


Data output (7 lines ) 


Data sync 


transfer instruction to be executed. Figure 70 shows 


the relative timings involved in storing a character. 
Input-Serial-Scan Control: Once the go signal is re- 

ceived, the pr reader sends a character to Pr storage 

every two milliseconds. Each time a character is re- 


ceived, the addressing rings locate the next storage 


position in sequence. The character is stored and the 
rings reset. As soon as the rings reset, they can be used 
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Reg 


51.03.xx Punch Emitters 


Drive Drive 


Reader | Punch 
es 3 me ; mon i Option See Option = Reader 
a 1 # —#S #6 2 2 Validity 
os e = Check 
= |. 3 = 
PUN ee a 2} | |? 
Parity aes awe Gees eee ee eae eee eee | Punch. 
Cheek amare anes 
fan 
51.18.01. Punch Read 


Decode Encode 
‘| 51.32.04 


Punch 


Matrix 
51.11.01 


51.32.01 
Priority Gate 
Control Control 


is 


From Options 1-6 
From CPU 


To. 
Options 
1-6 


Heavy Line =B CD Data Path 


Figure 68. IBM 1414 Integrated Synchronizer Data Flow — 
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Data Sync From 1011 
Yes / Last Buffer Position or \No 
1011 End of Record Char 
Reset Busy Latch 
Set Sync Control Latch | __ 
55.10.01 
Set PT Read Req Latch 
55.10.06 


Sync Cirl Latches Prevent 
More than one Scan from 
Each 1011 Data Syne 


PT Data Reg Read In Gate 
55.10.06 


Set PT Data Register 
55. 10,03 


_ Set PT Scan Req Latch 
55. 10.07 


Send Char Recvd to 1011 
55.10.02 
Any Scan In Process 
Set PT Read Scan Latch 
55.10.07 
Serial Scan In 
55.10.05 


(Not) Units Serial Ctrl 
Tens Serial Ctrl 
51.50.06 


Set Units Ring 9 
51.31.01 


Read Out 
Addressed Position 


a Lower Y-Bit 


Set Units Ser Ctrl 
Reset Tens Ser Ctrl 
51.50.06 


Regen Addressed Position 
Advance Units Ring 
51.31.02 
RO Addressed Position 
Set Control Bit Latch _ 
51.50.05 
Set Buffer Full Latch 
55.10.02 


Gate PT Character 
To Inhibit Drivers 
55.10.03 


Regen Addressed Position 


Advance Tens Ring 
51.32.02 


Figure 69. Paper-Tape Read-In 
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Block L Y Core 
_ From Setting 
51.50.05 


Write P T Character 
__ Into Addressed Position 
Serial Scan Ring Reset °* 
51.50.05 
End of Scan Trigger On 


~ End PT Scan 
55.10.07 


Turn Off; PT Rd Scan Lat 
PT Rd Req Lat 
PT Scan Req Lat 


Yes Busy Latch On No 
55.10.02 | 
Wait For Next Buffer is Full 
Data Sync From 1011 Wait for Buffer C P U Trans 


HS 


Logic 


55.10.04 


@ 
° 


Data Sync 55.10.01 


Pt. Rd. Req. 55.10.06 | 


Pt. Scan Req.: 55.10.07 


L 


Pt. Rd. Scan 55.10.07 


Tens Ser. Ctrl. 55.10.06 
Units Ser. Ctrl 
51.31.01 9 9 
Tens Ring 51.32.01 0 1 
Ser. Ctrl. Bit 
Block LY. 


Ser. Scan Ctrl. 


Ser. Scan Ring Rst. 


Char. Received 55.10.06 


Figure 70. Paper-Tape Character Storage 
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to scan other storage units until the next pt character 
is received. 

pt read in begins with all 8-bit (Ly) cores set ON. 
When a character is written into a pT storage position 


the corresponding Ly core is set orr. For example, 


assume a PT read in is in process and positions | 


‘through 33 have characters in them with their cor- 


responding Ly cores off. Positions 34 through 79 have 
the Ly cores on. A data-sync pulse from the pr reader 
requests a serial scan (Figure 70). The scan starts with 
the rings addressing position 09. Position 09 reads out, 
and because there is no Ly bit, the character is re- 
generated. The tens ring advances and position 19 
reads out. Again there is no Ly bit and that character 


is regenerated. The tens ring advances and position 


29 reads out. Again there is no Ly bit and that character 
is regenerated. The tens ring advances to address posi- 
tion 39. When position 39 reads out a Ly bit is de- 
tected. This indicates that the desired position is some- 
where between position 30 and 39. The tens ring is 
prevented from advancing and the units ring is allowed 


to advance to address and read out positions 30, 31, 


32, and 33 before the next Ly bit is detected. When 
position 34 reads out, the presence of the Ly bit brings 
up the gate that allows the incoming character to be 
written into this position during the write portion of 


51.50.05 | eee, 
51.50.05 j i 
51.50.05 —— ee Eee eee L ; 
51.50.05 : fl 


the storage cycle. The Ly control bit is not regenerated | 
in order to indicate that this position is filled. The 
rings are reset and the pr storage circuitry waits for 
the next data-sync pulse. 


Circuits 
Common op code grouping lines are: 


Percent type op codes 
Not addr dbl op codes 

2 Addr plus mod op codes 
2 Address op codes 
Address type op codes 
No-index on Ist addr ops 
No-branch op codes 

M or L op codes 


SIGNAL CONTROL | LOGIC 
1. Set the E-channel not-ready indicator, if the pr 
reader is not ready. 


(Not) PT ready (Not) PT ready to | 55.10.01 
| adapter | 
PT rd not ready (Not) PT ready 55.10.02 
(or off-line CE mode) 
PT rd op Select unit P 55.10.04 
| Read from buffer 
(Not) 14C5-A rdy status PT rd not ready 55.10.04 
PT rd op 
(Not) Buffer ready (Not) 14C5 rdr status 51.40.18. 
(Not) E-ch ready bus (Not) buffer ready 12.62.01 


_E-ch sel any buffer 
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E-ch status sample A _ 


E-ch not ready 


CONTROL 


_M or L op codes 


I-ring 12 time 


- (not) E-ch sel unit F 


I-cycle 


_ percent or com! at 


(not) File op 
Logic gate D 


_E-ch status sample A 


(not) E-ch ready bus 


LOGIC 


13.65.06. 


12.62.01 


2. Set the E-channel busy indicator, if the pr reader 


‘is busy. 
Busy 


14C5-A busy status 


Buffer busy 
E-ch busy bus | 


E-ch busy 


3. If any status indicator 


struction. 


End PT scan or 

PT busy or 

PT rd req 

Busy 

PT rd op 

14C5-A busy status 
Buffer busy 


_ E-ch select any buffer 


E-ch status sample A 
E-ch ready bus 
E-ch busy bus 


E-ch correct length record Set E-ch busy or 


E-ch any status (on) 


Last execute cycle 1/O 


Last execute cycle 


Set E-ch not ready 
E-ch correct-length 
record | 
E-ch any status (on) 
Last insn RO cycle 
(not) File op 
I/O percent latch 
Last execute cycle I/O 


4, Initiate a PT read-transfer scan. 


Ready to buffer | 


Ready 
PT rd trans 


Gate on PT scan req 
PT scan req 


PT rd scan 


(not) Clock stopped | 


E-ch in-process 


_ E-ch select any buffer 


E-ch input mode 
Ready to buffer 
Ready 

PT rd op 

PT rd trans 

Gate on PT scan req 
Time 080-090 

PT scan req 

(not) Same scan 
Time 030-040 


55.10.04 


55.10.04 


51.40.19 
12.62.02 


12.62.02 


is ON, go to the next in- 


13.63.03 
13.72.05 
13.65.07 


12.12.51 


13.70.04 


51.40.04 
52.10.09 


59.10.06 
59.10.07 


59.10.07 


5. Read out the addressed pr storage position. 


Time Pl 1 latch (on) 
Time PI 2 latch (on) 


Timing pulse gate 
Rd pulse L latch (on) 


Rd pulse L latch (off) 
Rd pulse S latch (on) 
Rd pulse S latch 

Read pulse 1 010-040 


Read pulse 2 005-040 | 


Opt no 4 scan 


(not) Single cycle mode 


Time PI! 1 latch (on) 


‘ Time 000-010 


Time Pl 2 latch (on) 
Time 000-010 

Not clock 2 

Time 040-050 

Time 010-020 

Time 040-050 

Rd pulse S latch 
Timing pulse gate 
Rd pulse L latch 
Timing pulse gate 


6. Set the strobe trigger. 


Trans scan 
Strobe latch 
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14C5-A trans scan 
Trans scan 


Time 020-030 


51.30.02 
51.30.02 


. 51.30.02 


51.30.05 


51.30.05 
51.30.05 
51.30.05 
51.30.05 


51.30.05 


51.40.40 
51.40.43 


_ E-ch strobe trigger (off) 


SIGNAL . CONTROL  Locic 


I/O to CPU trans Trans scan 51.40.40 | 
: Read from buffer 
Buffer strobe I/O to CPU trans 51.40.43 
Time 080-090 a 
Strobe latch 
E-ch strobe trigger Buffer strobe 15.62.03 


| E-ch select any buffer 
7. Set E-1 register; set E-1 full latch; reset the 


strobe trigger. 


Set E-1 2nd clock pulse 15.62.04 
E-ch strobe trigger 
E-ch input mode 
(not) E-1 reg full 
E-ch input mode 
Set E-1 reg 


E-1 full | Set E-1 15.41.10 
8. Analyze the E-1 input character, and set up con- 


rm 


trols for the =-1 to E-2 transfer. 


15.62.03 


E-ch select 7-bi: unit E-ch select unit 1 13.62.03 
E-ch word-separator mode _ E-ch select 7-bit unit 15.62.02 
E-ch load mode | 
E-ch word separator E-1 input C * Be4e 15.41.01 

: ! Q2°¢1e¢Ae B-bits ‘ , 
E-1 reg word separator E-ch word separator 15.41.11 


latch (on) E-ch word-separator 


_ mode 
Set E-1 
9. Transfer E-1 to E-2. If the instruction is given 
in the move mode, set E-2 with E-1 sen. 


E-ch reset ; I-ring 4 time 15.41.12 
Percent or com] at . 
Logic gate C 
(not) E-1 reg word _E-ch reset 15.41.11 
separator | | 
Copy E-1 BCD to E-2 (not) E-1 reg word 15.62.06 
vide, tues, MA separator 
_E-2 reg full latch (off) E-ch reset 15.41.10 
Set E-2reg " |  E-1 reg full latch (on) 15.62.04 
: | —.. -—E-2 reg full latch (off) a 
E-2 reg full latch (on) Set E-2 reg | 15.41.10 
| 3 (not) E-1 reg word 
| separator 
E-1 reg full latch (off) E-ch input mode 15.41.10 
Set E-2 reg : 


10. Transfer E-1 to E-2. If the instruction is given 
in the load mode, and the E-1 reg not-word-separator 
latch is on, copy E-1 sep to E-2. 


(not) E-l reg word | | E-ch not-word separator 15.41.11 


separator Set E-1 reg. : 
Copy E-1 BCD to E-2 (not) E-1 reg word 15.62.06 
| separator 

E-2 reg full latch (on) Set E-2 reg 15.41.10 

- | E-1 reg not-word 

: _ separator . 
' E-1 reg full latch (off) E-ch input mode 15.41.10 

ihe Set E-2 reg a 


ll. Transfer E-1 to E-2. If the instruction is given 
in the load mode with a word-separator character in 
E-1 and no word separator in E-2, generate a word- 
separator character and set it into E-2 with a C-bit. 


The E-2 full latch is not set because the next character 


from read storage must be combined with the E-2 
character before the contents of E-2 can be stored. 


Or 


ws 


SIGNAL CONTROL LOGIC 


Set E-2 word separator Set E-2 reg 15.62.06 

(not) Gate console to 

- assembly 

E-1 reg word separator 

(not) E-2 reg word 
separator 

(not) E-2 reg word 
separator 

E-ch input mode 

Set E-2 reg (off) 

Set. E-2 reg delayed 

E-ch word-separator 
mode 

E-1 reg word separator 


Copy E-1 WM « C-bit 15.62.06 


15.62.04 
IBALL 


Set E-2 reg delayed 
E-2 reg word separator 


12. Transfer E-1 to E-2. If the instruction is given 


in the load mode with a word separator character in 
E-2 and no word separator in E-1, copy E-1 scp and 
generate a word mark in E-2. | 
Copy inv E-1 WM « C-bit E-2 reg word separator 15.62.06 
(not) E-1 reg word / 
separator 
E-ch input mode 
(not) Gate console to 
assembly | 


Copy E-1 BCD to E-2 reg E-2 reg word separator 15.62.06 
E-2 reg full latch (on) Set E-2 reg 15.41.10 
E-1 reg not word : 
separator 


13. Transfer E-1 to E-2. If the instruction is given in 


the load mode with a word separator character in E-1 


and E-2, set E-2 with E-1 scp and C-bit. 


Copy E-1 BCD to E-2 reg E-2reg word separator 15.62.06 © 


Copy E-1 WM « C-bit E-2 reg word separator 15.62.06 
E-1 reg word separator 


E-1 reg not WM bit 


14. Initiate a storage cycle in the cpu whenever E-2 
is full (E-2 full latch on). If the command is unover- 
lapped, take an E-cycle and read out the Bar. © 


E-ch in process 

E-ch output mode 

(not) E-ch int end of 
transfer 

E-1 reg full latch ( off ) 

(not) E-cycle ¢ any last 
gate 

E-cycle required 

E-ch unovlp in process 

E-cycle required 

2nd clock pulse 

Logic gate Z 

(not) E-ch int end of 
transfer | 

(not) F-cycle required 

E-cycle _ E-cycle control 

| Logic gate B or S 

E-cycle ctrl | , 

E-ch unovlp in process 

(not) Console inhibit 
AR RO 

(not) E-ch 2nd address 
unovlp 

(not) Ist I/O cycle 
control . 

15. Initiate a storage cycle in the cpu whenever E-2 


is full (E-2 full latch on). If the command is over- 
lapped, take an E-cycle and read out Ear. 


E-cycle required 


(Start logic clock) 11.10.10 


E-cycle ctrl 12.12.66 


12.12.02 


RO BAR 14.71.31 


E-cycle _ E-cycle ctrl 


Gate E-2 data reg to A-ch E-ch input mode 


12.12.62 


SIGNAL CONTROL ~~ LOGIC 


E-cycle required _ E-ch in process © 12.12.62 
E-ch output mode 
(not) E-1 reg full 
(not) E-ch int end of 
transfer 
(not) E-cycle * Any last 
gate 
(Start logic extension E-cycle required 
clock ) _ E-ch overlap in process 
E-cycle ctrl E-cycle required 
2nd clock pulse 
Logic gate Z 
(not) E-ch int end of 
transfer 
(not) F-cycle required 


12.12.66 


12.12.66 

Logic gate B or S 

E-cycle ctrl 

E-ch ovlp in process 

(not) Console inhibit 
AR RO 

(not) E-ch 2nd addr 
ovlp 


16. Gate the E-2 character to the A-channel. 


RO EAR 14.71.35 


15.38.03 
E-cycle 
(not) Control reg disable 


17. End the internal transfer, if the B-channel char- 
acter is a group mark with a word mark. 


B-Ch1*2¢*4¢*8e 15.41.07 

| A* Be WM 

E-ch end of record latch E-cycle — 

B-cy group mark * WM 

Logic gate F 

R-symbol op modifier 

(not) 1401 card print 
in process 


B-ch group mark * WM 


13.63.01 


18. End the internal transfer, if a wrap-around con- 
dition occurs. 


E-ch end of record latch (not) E-ch last input 13.63.01 
cycle 
Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 
| E-cycle 
E-ch int end of transfer E-cycle 
: (not) E-ch last input 
cycle 
Wrap-around conditions 
Logic gate F or W 
2nd clock pulse 2 


19. End internal transfer. If the external end of 
transfer occurs before the internal end of transfer, take 
an extra input cycle to search for the group-mark with 
a word-mark, and end internal transfer. 

E-ch ext end of transfer 13.63.02 


(not) E-1 reg full 
(not) E-2 reg full 


13.63.01 


E-ch last input cycle 


E-cycle 
E-ch input mode 
Logic gate C or T 
E-ch int end of transfer E-ch last input cycle 13.63.01 
: Logic gate F or W 
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11.10.20 © 


SIGNAL CONTROL LOGIC 
20. Develop assembly controls. If the asterisk insert 


switch is oN and the A-channel character is invalid, 


set an asterisk. 


In cy GM ¢ WM ctrl B-ch not group 15.49.02 
mark « WM 
Input cycle 
(not) Any last input 
cycle 
(Invalid bit con- 
figuration ) | 
In cy GM ¢ WM ctrl 15.49.06 
- A-ch invalid 
(not) 1 asterisk ins 
console sw (off) 


A-ch invalid 18.11.03 


Set asterisk 


21. Develop assembly controls. If the asterisk insert 
switch is orF, and the A-channel character is invalid, 
stop the clock. 


18.14.08 


Master error A-channel VC error 
Logic gate A or R 
Stop latch Master error 12.15.04 


_ 22. Develop assembly controls. If the instruction is 
given in the load mode with a valid A-channel char- 
acter, use the A-channel numerical bits, word mark 
bit, and zone bits. 


A-ch valid or 


A-ch valid + asterisk 15.49.02 
switch (off ) Ast ins console sw (off) 
E-ch select odd parity unit E-ch select unit 1 13.60.03 
Odd parity cycle E-ch select odd parity 13.60.02 
unit 
| E-cycle 
Use A-ch zones In cy GM ¢ WM ctrl 15.49.03 
A-cy valid + asterisk 
switch (off) 
Odd-parity cycle 
Use A-ch nu In cy GM ¢ WM ctrl 15.49.03 
A-ch valid + asterisk 
switch (off) 
Odd-parity cycle 
Use A-ch WM In cy GM ¢ WM ctrl 15.49.02 


A-ch valid + asterisk 
switch (off) 
Load cycle 


23. evap assembly controls. If the instruction is 
given in a move mode with a valid A-channel char- 
acter, use the A-channel numerical bits and zone bits 
and the B-channel word mark bit. 


Use a-ch zones In cy GM * WM ctrl 15.49.03 
. A-ch valid + asterisk 
switch (off) 
Odd-parity cycle 
In cy GM ¢ WM ctrl 
A-ch valid + asterisk 
switch (off) 
Odd-parity cycle 
Move cycle 
Input cycle 


Use A-ch nu 


Use B-ch WM 15.49.04 
_ 24, Develop assembly controls. If the internal end 
of transfer is detected, use the full B-channel character. 


I/O grp mk * WM stop ctrl E-ch ovlp in process 13.65.04 
E-cycle or : 7 


_E-ch unovlp in process 
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15.49.03 


SIGNAL 


Use full B-ch 


' CONTROL | LOGIC 


E-cycle 

R-symbol op modifier 

I/O grp mk ¢ WM stop 15. 49. 05 
ctrl 

B-ch group mark « WM 

Input cycle 

(not) 1401 card print 
in process 


25. Develop assembly controls. If the cpu is in the 
last input cycle, use the full B-channel character. 


Any last input cycle 


Any last in cycle not 1401 


Use B-ch nu 
Use B-ch zones 


Use B-ch WM 


E-ch last input cycle 13.63.02° 

Any last input cycle 15.49.05 

(not) 1401 mode : 

Any last in cycle not 15.49.05 _ 
1401 

Any last in cycle not 15.49.05 
1401 | 

Any last in cycle not 18.49.04 


26. Reset the E-2 full latch after each input cycle. 


Reset E-2 full latch 


Any last gate 

E-ch cycle 

In cy GM * WM ctrl 

2nd clock pulse 
(inverted ) 


15.62.05 


27. After both internal and external transfers end, 
develop a sample pulse for setting the E-channel status 


indicators. 


E-ch int end of 
transfer delayed 
E-ch status sample B 


Logic gate Z 13.65.05 
E-ch int end of transfer 
E-ch ext end of transfer 13.65.05 
E-ch int end of transfer 

delayed 
Logic gate Z — 
2nd clock pulse 1 

(inverted ) 


28. Set the E-channel wrong length record status 
indicator, if the record length was incorrect. 


E-ch wrong-length record E- ch status sample B 


13.63.03 
E-ch strobe trigger or 
E-2 reg full or 
(not) E-ch end of record 
latch 


29. Set the E-channel data-check status indicator, if 
any error occurred during the transfer. 


Errors 2 


PT errors 


14C5-A ext error status 


Buffer error 


E-ch check bus 
E-ch check 


Pwrd clock error or 52.12.01 

Ring error to error 
latch or 

Parity 1 or 

Parity 2 

Errors 2 

PT rd scan or 

Parity error to 
adapter or 

PT ready error 

PT rd op 


55.10.06 


55.10.04 


PT errors 


51.40.21 
12.62.03 


14C5-A ext error status 
Buffer error 

E-ch select any buffer 
E-ch check bus 


12.62.04 
E-ch status sample B | 


SIGNAL CON TROL LOGIC 
30. Continue with the stored program. If the com- 
mand is unoverlapped, set last execute cycle and reset 
the unoverlap in process latch. 


E-ch unovlp in process 13.65.07 
(not) 1401 card or print 

op code 
E-ch status sample BT Ae ae. 
E-ch status sample B 13.65.05 
2nd clock pulse 

(inverted ) 


Last execute cycle I/O 


E-ch second sample B 


SIGNAL CONTROL LOGIC 
E-ch status sample B-delay E-ch second sample B _13.65.05 
2nd clock pulse 


(inverted ) 
(Reset) E-ch unovlp in E-ch status sample 13.60.04 
process B-delay 


31. Continue with the stored program. If the com- 


mand is overlapped, reset the overlap in process latch. 


(Reset) E-ch ovlp in E-ch status sample 13.60.04 
- process vA B-delay 
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1411-1405 Disk Storage Operation 


This section explains the control of the 13m 1405 Disk 
Storage by the 1mm 1410 Data Processing System. In- 
cluded are instruction read-out and control circuits 
in the 1410. Information on the mechanical and elec- 
tronic operation of the Disk Storage may be found in 
the IBM 1405 Disk Storage, Customer Engineering 
Manual of Instruction, Form 227-5542. 


Disk control commands make it possible to seek a 
disk record, to read and write a single record or a 
full track (with or without word marks), and to 
check for accurate results. The various parts of a 
disk-unit instruction-word are: 


1. Mode of operation — move (M), or load (L): The 
move mode records data on, or reads data from, the 
disk unit in 7-bit coding (no word marks). The load 
mode records data on, or reads data from, the disk unit 
in 8-bit coding (with word marks). Data must read 
from the disk unit in the same mode (move or load) 
in which it is written. 


2. X-control field: This three-position field selects 


the transmission channel, the disk storage unit, and 
the specific type of operation. 


a. The hundreds position of the X-control field 
defines which data transmission channel is to be used, 
and whether the operation is to be performed with 
or without overlapping. 


b. The tens position of the X-control field must 
contain the character F to specify the disk storage unit 
as the active input-output device. 


c. The units position of the X-control field spec-. 


ifies the type of operation to be performed. The 
characters used in this position are: 0, seek operation; 
1, single-record operation; 2, full-track operation; 3, 
write-check operation; and 4, write-address operation. 

3. B-address: This address specifies the high-order 


core storage position of the field that contains the 
8-character disk unit address and the record data. 


4, d-modifier character: This position specifies a — 


read (R) or write (W) operation. 


Timings for instruction read out of a disk unit in- 
struction are shown in Figure 71. 


The 8-character disk unit address is used to locate 
the specific area of disk storage for the read or write 
operation. The format for the disk unit address is 
shown in Figure 72. 
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’ Address character 1 
File ring 0) 


Seek-Disk Record 


Function 


The M/L % F 0 (B) R command (Figure 73) causes 
the selected access mechanism to seek the disk and 
track that are specified by the disk-unit address. The 
instruction sends the 8-character address to the file 
control unit (Fcu). After the Fcu receives the address, 
the cpu continues on with the next instruction in se- 
quence while the access mechanism moves to the de- 


‘sired disk and track. Access time varies from 100 to 


800 milliseconds. 
The address must be 8- shaeaeieis followed ies 


group mark with a word mark. The file digit ring is an . 


eight-position ring that is used to count the characters 
in the address. The digit ring is at position 0 while the 
first character reads out and is sent to the rcu. The 
ring advances to position 1, and the seconds character 
reads out and is sent to file, etc. 


File ring 7 latch 


Two D-cycles are required to read out each char- 
acter and to send it to file. During the first D-cycle, 
the character reads out of storage and is gated to the 
E-2 register (Figures 74 and 75). Also, during this cycle 
the B-channel is analyzed to determine whether the 
character is a GM-woM. If there is no GM-wM, and the 
file ring 7 latch is orr, the character is sent to the Fcu 
during the second D-cycle. If there is a B-channel 
GM-wM or the file ring 7 latch is on, the second D-cycle 
develops status sample A to set the status indicators 
with file not ready, busy, or data check if a validity 
check error of a character that is sent to file occurred. 
During this cycle the B-channel must be a GM-w and 
file ring 7 latch must be on to set correct length record. 


Status sample A is not developed at last instruction 


read-out as in other 1-0 Instructions. It will be brought 
up at the end of first address transfer after access and 
file have been selected. 


{f™ 
-_ AANMAALAAMAAALAAAAALAAARAAALALAALLALULALAUALAL RA LAAALAAL LUA ELURAAAAa 
PRAAARAVARR AAR AAA RAR ARORA RARATAAR AAR AAT RATATAT AUR ARR LR AAR RTARTA 
mo ain no naninin neon nl olin | 
J i aa ed = = a aaa vail — ! aaa i aad oe 
a a ee ee ee ee ER i 
) : ee 
lf * pe 
a oes cc Rl 
fee ee eee 
ee ee ee es ee ee ee 
_ \ rs a! 5 SL ee ae Sr ee ee ek oe Pee 
a ea EE ae Re See Ae ee ae 
CO DE ric ne a (I ee ee ee 
| Pee ee ane nen ee ee 
as mire BF cae aac a ee i aie ee ene gee ese ae apie ond! 
ee ee ee ee ee ee ee 
a ee ee ee 
_ ae ————————— 
- AES WA 0c 8 ee eee: eas ee ee Re ee 
- ise shes Ae ie ee eas es 
Dye ee lee ee he ae 
Division 
ee i nn ae ee ee ee ee ee 
Ns a ° 6.25 usec/Division | | 
3 Figure 71. 1405 Disk Storage Instruction Read-out Timing Chart 
é _ 
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Ist Clock Pulse - 
C2J04F 
11.10.02 


Logic Gate A 
C2512A 
11.10.10 


Last Execute Cycle 
C1H23B 
12.12.51 


I-Ring Op 
C1KO6P 
11.20.01 


I-Ring Advance 
C1KO6P 
12.13.03 


Percent Type Op Codes 
D1G23R 
13.14.10 


Special Adv Cérl Latch 
CIK15G 

12.13.01 

I-Ring | Time 

CIJIIA 

11.20.02 


I-Ring 2 Time 
CIKITIC 
11.20.02 


I-Ring 3 Time 
CIK13C 
11.20.03 


Set I/O Ch Sel Reg 
D3J21B . 
13.50.01 


Set E Ch Unit Sel Reg 
D3F 16B 7 
15.55.09 


E Ch Select Unit F 
D3J19A 
13.50.07 


File Op 
D2E07A 
13.74.01 


I-Ring 11 Time 
C1K20C 
11.20.07 


File Op Last Ins RO Cycle — 


D3B11D 
13.74.01 
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Access 
Select 


Figure 72. Disk Unit Address 
Operation (Figure 73) 


During instruction read-out, after the 1-o interlock 
check, the E-channel controls and status latches are 
reset and a “seek call” is sent to file. 

At I6 time, with all file op codes, the read back 
check (RBC) interlock is checked to insure that a RBC 
was given as the first file op after a file write operation. 
If an RBC was not given, the master error line is condi- 
tioned to stop the cpu. | 

The first cycle after instruction read-out is a D-cycle, 
with the no-scan latch on. The par is used to read out 
the high-order (access mechanism) character of the 
disk unit address. The character is gated from the 
B-channel through the assembly to the E-1 register. 
The E-1 register full latch gates “set E-2 reg” to set the 


character into the E-2 register. There must not be a 
B-channel cm-wo at this time. The body latch and the 


2nd scan latch are set for the second D-cycle. The par 
still contains the address of the high-order character 
because the no-scan latch was set during the first D- 
cycle. The par is used to read the character out again. 
The 2nd scan latch is on during this D-cycle to modify 
the addres in the par to the next position of the dis 

address. | 


A strobe pulse is sent to the file to indicate that a 


character is available on the E-channel and that the 
body and no scan latches are set for the next D-cycle. 

During this no scan D-cycle, the body latch is on to 
gate a digit advance pulse to advance the file digit 
ring to position I. | 

The operation continues. The no scan D-cycle is 
followed by a 2nd scan D-cycle for each position of 
the file address. At the 2nd scan D-cycle during which 
the 8th character of the file address is sent to file, file 


ring 7 latch sets. The next character reads from storage, © 


and should be a GM-wm. 

During the final D-cycle, status sample A is devel- 
oped to set the status indicators. The presence of a 
GM-wM without the file ring 7 latch or vice versa, 
results in a wrong length address, and sets the 
E-channel wrong length record indicator. 

The “Addr TFR” gate and file ring 7 latch are reset 
by status sample A delay and last execute cycle is 
conditioned to initiate the next instruction. 
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| ; Address Field In Core Storage 


Indelible Address In Disk Storage. 


200 Characters - 1 Record Move Mode 

176 Characters - 1 Record Load Mode 
_ 1000 Characters - 1 Track Move Mode 

880 Characters - 1 Track Load Mode 


End 
Address 
Tra nsfer 


Constant 


Disk-Address Transfer (Figure 76) 


The address portion of the data in the B-field is trans- 
ferred to the file before the actual data transfer during 
all read or write operations. After the first time the 
address transfers to the file, the various error conditions 
are checked, as well as the busy status and ready status 
of the file. If the file is ready for the read or write 
operation and if no errors are indicated, the address 
portion of data in the B-field transfers for the second 
time. This time the address compares with the indelible 
address read from the file location. After the second 
address transfer, the data reads from or writes on the 


- file location. 


The location of storage that the B-address of the 
instruction word specifies, contains the eight-character 


file address followed by a group mark with a word 


mark. The area of storage that follows the group mark 
with a word mark contains either the data to be writ- 
ten for a write operation, or the storage locations for 
the data to be read into on a read operation. 


. First Address Transfer (Figure 77) 


The cpu conditions the control lines to the file unit 


-as soon as the instruction word is decoded. Load-mode 


signals, full-track or single-record signals, and input- 
mode or output-mode signals are sent to the file. When 
the file unit receives these signals, control circuits are 
established to handle the address and data transfers. If 


the operation that is being performed is write disk 


check (read back check), a write check signal is sent 
to the file and the read back check latch in the cpu 
is reset. The latch sets at the end of a normal write 


disk operation. If any disk instruction, except write disk 


check, is attempted with this latch on, the master error 
line stops the cpu. The cpu uses the D-address register, 
and executes D-cycles for the first address transfer. 
Two D-cycles are necessary to transfer one address 
character during the first address transfer. The no 
scan and 2nd scan latches control modification of the 
D-address register. 


The no scan D-cycle reads the disk address char- — 


acters out of the storage locations. The character is 
checked to determine if it is the group mark with a 
word mark. If the group mark with a word mark is 


V 
Record Input or Output Area | 


ae 


as 


Seek Disk Instruction 
No R()#Since Yes 
Last |/O Comm 


ge ea Set I/O Interlock Reset Status Indicators |) rg 
18.14.11 15.41.12 
Send Seek Call to File (Joo T-5 
15.55.04 
Yes RBC Since No 1-6 
Last Write Operation hers es 


Move ~ Move/Load Load Mode 
File Is in Move - 
Mode Unless Load Send Load Mode to File ILTRO 
Mode Is Sent fo File 15.62.02 


Force Output Mode 


For Addr Xfer 


13.72.02 13.72.02 


Set No Scan Latch 
12.30.01 


Use DAR to Set STAR 
16.41.02 


Take a D Cycle 
12.12.43 


No Scan / 2nd Scan 
Body / Unit call Send Ist Addr 
Strobe to File 
Send Digit Adv to File 
177-02 Send 2nd Addr 
Strobe to File 


13.72.02 
13.72.02 
Rest E2 Full Latch 
. 15.62.05 
File Digit Ring at 7 


Set El Reg 
15.62.04 


| Set File Ring 7 Latch 
Set E1 Full Latch 13.74.02 
15.41.10 . 
| Set Body Latch 
Set E2 Reg 16.30.04 
15.62.04 


Set E2 Full Latch 
15.41.10 


B Ch GM-WM or 
File Ring 7 Lat 
13.74 .01-02 


Set Body Latch Set Exten Latch 
16.30.04 16.30.06 


Yes 


Set 2nd Scan Latch Set No Scan Latch 
12.30.02 . 12.13.01 


Status Sample A 
13.65.06 


Figure 73. Disk Seek Operation 


Set Units Latch RBC interlock 

"16.30.02 13.74.02 
' Send Addr Xfer Mester Error Stop CPU 

——_—— Gate to File 18.14.08 


No File Ready Yes 
75.82.11 


File Busy 
75.82.11 


Set E Chan Not 
Ready Status Ind 
12.62.01 


No 


Address Char 
Validity Error 
75.82.11 


Set E Chan Busy 
Status Ind 
12.62.02 


Set E Channel Data 
Check Status Indicator 
12.62.04 


B Chan GM WM and 
File Ring 7 Latch On ? 
13.63.03 


Yes 


Set E Chan Correct 
Length Record Ind 
13.63.03 


Set E Chan Wrong Length 
Record Indicator 


13.63.03 


Reset Address 
Transfer Gate 
13.72.02 


Reset File 
Ring 7 Latch 
13.74.02 


Set Last Execute 
Cycle 


13.65.07 
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VIT 


Vv ; v . 
Seek Disk Record M % FOOTOOOR ipog, 7 \eeaee0 # or (ARMO, Unit 1, Disk 23, Track 45, Sector 6) 


Frame _ Test 


Body ier. “Cash, Tevet <p 


Signal Name Gate Point Logic ) : | : ! ; : : 3 | | 
| | | , | | | | ) 
File Adr Xfer Gate 11D2 E12C  13.72.02.1 __ | : | ae : | | | l | | 
| | | | | 
Units Latch 11C2. DI6A_ 16.30.02.1 i | | | l | : ) | | | | 
| | | 

| 

| 

| 


File’Strobe 2nd Adr 11D2. E12G 13.72.02.1 


File Ring 7 . D2 9 J22K 13.74.02.1 


| 
l 
| 
] 
| 
| 
| 
| 
| : | | | | , 
Ext 11C2 DI6C 16.30.06.1 | | | : | | 
| | | 
No Scan 11C1 J24D-12.30.02.1 | | i | | | 
| | 
2nd Scan 11C1 E26C 12.30.03.1 ; l l 
| { | ( 
D Cycle 11€1 DO3H 12.12.07.1 l | | 
(-) Dig Adv 11D2. E14D 13.72.02.1 | Nl | 
| | | 
Set E} Reg 11C4. AI5C -15.62.04.1 [ ! | 
: | ; | | 
Ey Full 11C3. G17B. 15.41.10.1 | ] | | 
| t | . | 
Set Ep Reg 1104. AISA 15.62.04.1 rz, | | | 
| 7 | ! | 
EQ Full 11C3_ G1I7C_ 15.41.10.1 iz tes L yt i a ] Ly : Lf | Lf | ‘ 
| | | | 
Reset E> Full 11C4. AI7C. 15.62.05.1 z ee | 3 ; | ) 
| | l 
(-) Ist Adr Strobe 11D2 El4F 13.72.02.1 
| 
| 
| 
| 
ae 
| 


Corr Lngth Record 11D3. H27C 13.63.03.1 


| | | | | | are ie | 
* File Dig Ring 75.21.11.1 aia is | Vee ee eee ee sa Jos 
| : | ee ] 


Figure 74. 1405 Seek Disk Record Timing Chart 


Seek Disk Record M % FOO1000R 10g 97784900 Sor (ARMO, Unit 1, Disk 23, Track 45, Sector 6) 


| 
| 
Ext 11C2 D16C 16.30.06.1 | | 


l 
{ 
l 
l 
i 
l 
l 
| 7 { 
No Scan 11C1 J24D 12.30.01.2 | i | | | . r TV 
| 
2nd Scan 11C1 E26C 12.30.03.1 | a || ~] a | : 
oe 
| 
to 
2 pe 
| : 
| 
| 
| 


Frame Test . ; 
Signal Naina Gate. Point Louie ABCDEFG | ABCDEFG : ABCDEFG | ABCDEFG | ABCDEFG | ABCDEFG ! ABCDEFG 

| | | | 
File Ade MteeGete 11D2 E12C 13.72.02. | | | 
, | | 
Units:baich 11¢2 D16A 16.30.02.1 | | | | 
| | A 

Body 11C2 G05A 16.30.04. 1 an ru 7 = ef 1 | 
| | 
| [ 
| 


| 
| 
| | | | 
D Cycle 11C] D0O3H 12.02.07.1 Hf ao TG | | 0 : — : | | 
. | | 
(-) Dig Adv 11D2.—s«E 14D 13.72.02.1 ey ee er rT | 
| | | 
Set E] Reg SGA & 31SEC 15.62.04. 1 . mi ete cl l | 
| | 2 | | ae : | 7 I eat 
E} Full 11¢3 G17B 15.41.10.1 | ppl rick | 2 
| 7 ; | A ae ee | | 
Set E> Reg 114 AISA «15.62.04. 1 | fu | | | | 
| | 5 | | 6 | 0 i : | 
EQ Full C30 GI7E 15.41.10.1 eas aes ar (cena ae a eee | 


{ 
| : , 
Reset E> Full 11C4 AI7C 15.62.05. 1 toi | | seal 
ae . ie | | 
i =a aes | | | 


(-y 1s Ade Strobe: | 11D2 EME =~ 18.72.92.1 
File Strobe 2nd Adr D200 E12G 13.72.02.1 
File Ring7 ie 522K 13.74.02.1 
Corr Lngth Record 11D3 H27C 13.63.03. 1 


* File Dig Ring : Pa216 ie 


Figure 75. 1405 Seek Disk Record Timing Chart, Type 2 
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File Command 


R1 #Since Last 
E Chan Command 
15.62.02 


ee Set I/O Interlock 1-3 
18.14.11 


18.14.08 . 


Unit No 
Symbol | or 2 
15.55.04 


Send Single 
Record to File 


15.55.04 


Ww 


RBC Since Last 
Write Operation 
13.72.03 


Set RBC Interlock 
13.74.02 


Set E Ch Input 
Mode Latch and Send 
Input Mode to File 
15.62.01 


Master Error 
Stop CPU 
18.14.08 


Move 


File Addr Tfr Over-rides 


Input and Output 
Mode Latches 


Figure 76. Disk Address Transfer (Sheet 1 of 4) 
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Send Full Track 


Yes 


Reset Status 


Indicators 


15.41.12 


Symbol =3 
15.55.05 


ithout IA to File 
15.55.04 


Op Modifier 
R or $/W or X 


Move or Load . Load 
15.62.02 


Set No Scan Latch 
12.30.01 


Set Units Latch 
16.30.02 


Take D Cycle 
Use D AR 
14.71.33 


Send Addr Tfr 
Gate to File 
13.72.02 


Force E Ch Output 
Mode for Addr 


Transfer 


13.72.02 


C4) To Sheet 2 


Reset First Data 
Strobe Latch 
13.72.04 


* Send Write 
Check to File 
15.55.05 


Reset Sel and 
RBC on Latch 
13.72.03 


Set E Ch Output 
Mode Latch and Send 
Output Mode to File 
15.62.01 


' Send Load 
Mode to File 
15.62.02 


—- 1-6 


—-I-1) 


‘a 


Overlap 


Last Logic 
Gate 


Last Execute Cycle Set D Cycle Latch Take D Cycle 
. *1/O 12.12.07 Use D AR 
13.65.07 14.71.33 


Figure 76. 


_ Set E Ch Not Ready 
Status Indicators 
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(+) From Sheet 1 


Scan Control 
No/Scan or 
2nd/Scan 


No Scan 


Send Ist Addr 
Strobe to File 
13.72.02 


Yes B Ch GM WM 


13.74.01 


File Ring 7 
Latch Set 
13.74.02 


\ No 


Send 2nd Addr 
Strobe to File 
13.72.02 


Body Latch On 
16.30.04 


Set No Scan Latch 
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sensed, the end of the first address transfer is initiated. 
The error lines are tested and the not ready and busy 
conditions of the file are checked. 

_If the group mark with a word mark is not sensed, 
the file ring 7 latch is checked. As each character in 


the body of the address field reads out of storage, the — 


cpu sends a digit-advance pulse to the file. The digit- 
advance pulse steps the file ring. As the eighth and final 


character of the address field reads out of storage, the 


file ring steps to 7 and turns file ring 7 latch on in the 
cpu. This latch initiates the end of first address transfer 
in the same manner as sensing the group mark with a 
word mark. If the character that reads from storage is 
not a group mark with a word mark, and if the file ring 
is not at 7, the character sets into the E-1 register and 
then transfers to the E-2 register. The 2nd scan latch 
sets and another D-cycle is taken. : 

The 2nd scan D-cycle transfers the address character 
from the E-2 register to the file. The cpu generates an 
address-strobe pulse to signal the file that a character 
is ready for transfer. The file samples the character in 
the E-2 register each time an address-strobe pulse is 
received. During the 2nd scan D-cycle, the D-address 
register is modified. The file ring in the file unit is sam- 
pled, and if it is equal to seven, the file ring 7 latch 
in the cpu is conditioned. The no scan latch is turned 
on and another D-cycle starts. 

At the end of the first address transfer, the file is 
checked to determine whether it is ready and not busy. 


The characters in the address field are checked for 


parity, and the field is checked for proper length. 


Second Address Transfer (Figure 78) 


The second address transfer is necessary to compare 
the address portion of the B-field to the indelible 
address that reads from the file. If the addresses do 
not compare, a file end of operation signal is gener- 
ated and no data transfers. The second address transfer 
occurs in the move mode, and the E-channel is in 
output mode. These conditions are forced regardless 
of the instruction word. Only seven address characters. 
transfer during the second address transfer. The first 
address character (access arm identification) does not 
transfer. As the address characters read out of storage, 
they are sensed to determine if the group mark with a 
word mark has been reached. The group mark with a 
word mark starts the end of the second address trans- 


fer. This transfer is in an overlap or unoverlap mode. © 


The characters read out, using the E- or B-address reg- 
isters on E-cycles. An E-cycle is required when the 
E-1 register is not full. és 

Strobe pulses, that are generated in the file, control 
address-character movement from storage to E-1 and 
E-2 registers. The strobe pulse indicates to the cpu that 


the file has accepted the E-2 register character. The — 


E-1 register character transfers to the E-2 register, and 
the next storage character reads to the E-1 register. 
The first strobe pulse from the file resets the no transfer 
latch | 

When the character that reads out from storage is 
sensed as the group mark with a word mark, the 
end of the second address transfer starts. Control cir- 
cuits for the second address transfer reset and the con- 
ditions that the instruction words call for are resumed. 
If the addresses compare, the cru is now ready to trans- 
fer data to or to receive data from the file. 


Disk Write (Figure 79) 


There are three basic disk write operations: write a 


single record, write a full track, and write disk check. 
Each operation can be given in either the move mode 
or the load mode, overlapped or unoverlapped. Data 
flow within the cru is similar for each operation. Data 
transfers from the storage location to the E-1 register. 
If the E-2 register is not full, the data transfers from 
the E-1 register to the E-2 register. A character reads 
out of storage whenever the E-1 register is not full. — 


Write a Single Record 


The write a single record operation causes a single 
record to write on disk storage from core storage. 
The data in core storage should fill the entire disk unit 
sector area to prevent a cpu wrong-length record indi- 
cation. As each character reads from storage, it is 


checked for the group-mark with a word mark or 


wrap around condition. The d-modifier of the instruc- 


tion word determines which condition (GM-wM or 


wrap-around ) causes the internal end of transfer. If the 
character is normal (not GM-wM or wrap-around) it is 
transferred to the E-1 register, and then, to the E-2 
register, if the E-2 register is not full. In the overlap 
mode, the computer takes compute or F-cycles while 
waiting for the file strobe. The file unit samples the 
output lines from the E-2 register, and generates a 


- file-strobe pulse to send to the cpu. The file-strobe 


pulse indicates that the file unit has accepted the char- 
acter from the E-2 register. Upon receiving the strobe 
pulse, the computer transfers a new character from 
storage. ae | 
The cpu senses the GM-wM or wrap-around condi- 


tion after the last character of the record reads out 


of storage. The internal end of transfer is established 
and a disconnect signal is sent to the file. The file unit 
senses the end of the record and sends an end of . 
operation signal to the cpu. The data is checked for 
proper parity and correct length. 
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Disk Read (Figure 80) 


Function 


The disk read command causes the information that is 
available at the access arm in the file to read out and 
transfer to the cpu. The command is given in either the 
move or load mode. All information must be read in 
the same mode in which it is written. 

During instruction read-out, the hundreds-position 
character of the X-control field defines the type of 
operation (overlap or unoverlap), as well as the data 
channel to use (E or F). 

The tens position of the X-control field is always 


an F to specify a disk operation. 


If the units position of the X-control field is a 1, 
a single record (200 characters) transfers to the cpu. 
A 2 in the units position of the X-control field causes 
an entire track (1000 characters) to read and transfer 
to the cpu. 

The information that reads from the file is stored 
in the core storage unit of the cpu starting at the high 
order position that is specified by the B-field address 
which is in the B-address register at the end of second 
address transfer. The d-modifier character must be an 
R to specify a read or input operation. 


Operation 


If the address transfer is made correctly (see “Disk- 
Address Transfer” in this section), the transfer of file 
data to the cpu begins. Each time a character is sent to 
the cpu, a strobe pulse is sent to signify the presence 
of a character on the associated data channel (E or F). 
When the strobe is received, the character is placed 
in the proper data register ( E-1 or F-1). | 

Assume that E-channel is used, the character trans- 
fers to the E-2 register, if E-2 is not full. When the E-2 
register is full, the cpu starts an E-cycle (overlap) or a 
B-cycle (unoverlap) to transfer the character to core 
storage. This sequence of transfers continues until the 
end of the record or the end of the track. 

The file unit detects the end of record or end of 
track and generates a file end of operation signal to 
send to the crv. The file end of operation signal sets the 
external end of transfer in the cpu. The cpu stores the 


character in E-1 or E-2 registers and senses a group 
mark with a word mark. The group mark with a word 
mark indication causes the end of record and internal 
end of transfer set. If the GM-wm is not sensed on this 
cycle, only the internal end of transfer sets, and a 
wrong length record indication is established at status 
sample B-time. The wrong length record also sets, if 
the GM-wo is sensed before external end of transfer. 

With both internal and external transfers complete, 
the status sample B-pulse checks to determine whether 
a parity error occurred in the cpu or in the file unit. 
If an error occurred, the data check status indicator 
sets. The status sample B-pulse also checks for wrong 
length record. After the indicators are set, the cpu is 
released to continue with the stored program. 


Disk-Write Address 


Function | 


The write address command allows the customer engi- 
neer to write a single, indelible address on a disk. The 
write address key that is located on the disk control 
unit CE panel, must be on, before the instruction is 


. xecuted. 


Operation 


The write address operation (Figure 76) starts with a 
first address transfer (see “Disk Address Transfer” in 
this section ). When the “addr tfr” gate to the file drops 
after the first address transfer, the write gate is brought 
up to allow the file to write the address that trans- 
ferred during second address transfer. | 

At the end of the second address transfer, unit 
number 4 prevents setting “end of 2nd addr tfr” latch. 
This prevents the reset of “end of record,” “int end of 
tfr,” and “int end of tfr delayed.” The file sends “end 
of op” after the address writes. This sets “ext end of 
tfr.” Any parity error that is detected in the file, sets 
the data-check latch at status sample B-time. Status 
sample B also brings up the last execute cycle, if un- 
overlapped, to allow the program to proceed to the 
next instruction. 
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Figure 80, File Read Operation (Sheet 1 of 3) 
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1410 Data Processing System Operation with 1311 Disk Storage 


f~™ 


.ne 18M 1410 Data Processing System controls as many 
as five 13M 1311 Disk Storage Drives per channel, one 
master and up to four satellites. The 1311-5 is the 
ae master module for the 1410 system. The 1311-2 is the 
satellite module and is powered and controlled through 
the master module. 


-_ Six instructions are used for basic 1311 operation; 
an additional five instructions are used for special 
eatures. Briefly, the instructions are used to: 
=_ 1. Position 1311 read-write heads. 
2. Read or write data. . 
3. Compare a 1410 data field with recorded 1311 
data. 
4, Check the accuracy of the recorded data. 
5. Request and store 1311 address data (disk con- 
‘a trol field data) in 1411 core storage. 
The operations performed by the 1311 disk storage. 
are started by the 1410 instruction shown in Figure 81. 
| co™ The function of each part of the 1410 instruction is ex- 
plained in the following section. 3 
aa. 
7 
oh 
c~ 
: x XXX XXXXX x 
cr” Op X-Ctrl B-Address d-Character 
Code Field | 
Figure 81. 1410 Op Codes for 1311 
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Instruction Format 
Figure 81 shows the format for 1410-1311 disk storage 


control instructions. 


Operation Code 

Disk storage operations are initiated by a move (M) or 
load (L) instruction. The move instruction specifies 
that data are to be read or written in the seven-bit 
mode. The load instruction designates eight-bit mode. 
To insure the proper coding relationship between data 
in core storage and disk storage, data written with a 
move instruction must be read with a move instruction. 
Data written by a load instruction must be read with 
a load instruction. The two modes should not be mixed 
on the same track. 


X-Control Field 


The high-order character of the X-control field specifies 
which data transmission channel is to be used and 


General Mode of Operation | 
| M -- Move 
L -- Load 


Specific Mode of Operation 
% -- Non-overlap, Ch ] 
@ -- Overlap, Ch] 
_ TW == Non-overlap, Ch 2 
—* == Overlap, Ch 2 


Input-Output Unit 


F -- Disk Storage 


Specific Operation 

~- Seek Disk 
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-- Track Record -~ Special Feature 
-- Write Disk Check 

~~ Store Disk Control Field 

-- Sector Count Overlay 

-- Track Sectors with Addresses 
~- Scan Disk (low or equal) 

-- Scan Disk (equal) | 

9 -- Scan Disk (high or equal) 

~ @ == Track Record with Address 


(part of track record special feature) 


Special 
Feature 


COON A OhRWN — © 


B-Address 2 | 
Core storage location of the high-order digit of 
the disk control field. 


d-Character 


Ror $ -- Read 
W or X -= Write 
Q or V -=- |-O No-op 
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specifies the overlap or non-overlap status of the opera- 


tion. 

The second character (F') specifies 1311 disk storage 
as the input or output device for the operation. 

The low-order position specifies which operation is 
to be performed (Figure 81). 


B-Address | 

The B-address portion of the instruction addresses the 
high-order position of the disk control field. Data to 
be written on disk storage must be preceded in core 
storage by their disk control field. Data read from disk 


storage are placed in core storage following their as- 


sociated disk control field. Disk control fields and data 
are separated in core storage by a group-mark/word- 
mark (GM-wM ). A GM-wM must appear in the core stor- 
age position to the immediate right of the last char- 
acter of the core storage data field to be written or 
the data area used to receive data from disk. The core 
storage location of a disk control field, with its re- 
lated data area (and required GM-wM’s) is determined 
by the user. 


d-Character 

This portion of the instruction specifies whether a read 
operation (R or $) or a write operation (W or X) is 
to take place. Read or write instructions that define the 
limit of a core storage field or area by a GM-wM use 
the R or W d-character. _ 

Read or write instructions that define the limit of a 
core storage field or area by the end-of-storage indica- 
tion use the $ or X d-character. Explanation of instruc- 
tions in this publication assumes the use of the R or 
W d-character for reading or writing operations. The 
Q or V d-characters are used with the special feature 
priority processing I-O no-operation functions; Q in- 
dicates input status and V indicates output status. 


1410/1311 Instructions | 


File operations are started when the 1411 issues the 
required signals, operation code, and data to the 
1311. When the 1411 processes a 1311 file instruction, 
the signals, operation code, and data are transferred 
via the 1410 1-0 interface. In a typical 1311 file opera- 
tion the 1411] usually issues: | 

Control Signals to activate the 1311. 

An Operation Code to specify the type of 1311 oper- 
ation. Oo | 

A Disk Control Word containing ten address char- 
acters. 

The majority of the 1311 instructions are executed 
in three phases of 1411 operation. The first phase of 
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_ 1411 operation is instruction read-out. During instruc- 


tion read-out, the 1411 activates signal lines to the 
1311, issues the operation code, and generates status 
sample A. With status sample A, the 1411 determines 
1311 readiness. If the 1311 is not ready, file operation 
is discontinued and the 1411 processes the next in- 
struction. If the 1311 is ready, the 1411 prepares to 
execute a second address transfer cycle. | 


The second phase of operation is the second address 
transfer cycle. During the second address transfer 
cycle, the 1411 uses the B-address to transfer the ten 


character disk control field to the 131]. The ten 


character B-field transferred to the 1311 is used to 
position read-write heads or to identify read or write 


data areas. To successfully complete the second ad- 


dress transfer, the 1411 must recognize the group 
mark with a word mark adjacent to the last B-field 
character and the 1311 must signal end of address 
transfer. The 1411 cm-wm causes internal end of 
transfer, and the 1311 end of address transfer signal 
causes end of second address transfer. 


Following the second address transfer, the 1311 
issues end op to the 1411 if: 


The instruction is seek. 
The instruction is modified by a Q or V op-modifier. 


The 1311 is busy because the access mechanism is in 
motion. - 

The 1311 is not ready because the write address key 
is off when writing sector addresses. 


The sector control field is 0. 


The end op signal causes the 1411 to drop the file 
op line and end file operation. 


If the instruction is store disk control field, the 1411 
completes instruction read-out, inhibits the second ad- 
dress transfer, and follows the instruction read-out with 
input mode operation. 


The third phase of 1411 operation is the data transfer 
cycle. Following the second address transfer, the 1411 
switches to either input or output mode and waits for 
the 1311 to compare address. Failure to compare ad- 


dress causes the 1311 to issue end op. The end op 


signal causes external and internal end of transfer con- 


ditions in the 1411 ending the file operation. When the 


address compares, the 1311 generates a data strobe for 
each character transferred to or from the 1411. Data 
transfers continue in input or output mode until the 
operation end is determined by internal end of transfer 
in the 1411 or the end op signal from the 1311. Figure 


82 shows the 1410 operation phases required to process — 


1311 instructions; 1311 file instructions are listed fol- 
lowing Figure 82. | 


—_ 


Instruction 


Read-out 


Set Mor L 
Latch 


1311 Not 1311 


Ready Status 


Sample A 


Return 
to Program 


Store Disk 
Control Field 


Instruction 


Yes 


Inhibit-Second 
Address 


Transfer 


Read Data. 


End 
Operation 


Figure 82. 1410-1311 Simplified Operation 


Seek Disk 
X-CONTROL , 
OP CODE FIELD B-ADDRESS d-CHARACTER 
Vv v ; 
M or L XFO XXXXX R, $, W, or X 


This instruction is used to position an access assem- 
bly at a particular cylinder of a disk pack. The number 
of tracks the access assembly is to be moved is specified 
by the disk control field contained in core storage at 
the B-address. A cM-wm follows the disk control field 
in core storage. Any one of four d-characters (R, $, W, 


Ready 


Execute | 
Second Address 
Transfer 
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Address | 


Compare 


1410 Mode 


—— Phase | 


—. __ Phase 2 


f Transfer 10 
- Character 
B-field to 1311 


Output 


Write Data 


or X) may be used; their presence in the instruction is 
necessary only to establish a valid instruction length. 

_ An interrupt on completion of a seek disk operation 
occurs if the system is equipped with the special pri- 
ority feature and is in priority alert mode. 


DIRECT SEEK 


Direct seek operations move the access assembly di- 
rectly from any position to the desired cylinder. The 
program must keep track of each access assembly loca- 
tion and provide the necessary information for direct 
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seek operations. Specifically, the program must calcu- 
late the direction of access movement, the number of 
cylinders to be moved, and generate the direct seek 
address to be used. Note that a direct seek address 
specifies a new access assembly location that is always 
in relation to the present location. If the present loca- 
tion is unknown, a return to home seek is used to es- 
tablish a known cylinder location. 

Average access time for direct seek operations is 
150 milliseconds; maximum access time is about 250 
milliseconds. 

A direct seek address has a pound sign in its sixth 
digit position to specify a direct seek operation. The 


direct seek address format is: 


oe 
* 0 nec # Xx XXX 


| i: ieee er count (non-significant) 
Any valid digit 
Direct seek code 
Decoded to disk drive number, 
number of cylinders to be moved, 
and direction of access movement 

Always a 0 

Alternate code (* or alternate digit) 


The three digits (ncc) are determined by specifying 
the drive number and the number of cylinders to be 
moved and multiplying this number by 2. 


The sign accompanying the fifth digit of a direct seek 
address indicates the direction of access motion. A plus 
sign or the absence of sign causes motion toward the 
center of the disks. A minus sign causes motion toward 
the outer edge of the disks. A signed digit appears in 
standard interchange scp code as an alphameric char- 
acter; in the following examples, 2 appears without 
sign and 6 appears as alphabetic O. 


Example 1: Direct seek inward one cylinder. 


DISK DIRECT SEEK DIRECT SEEK ADDRESS 
DRIVE ADDRESS USING ALTERNATE CODE 
0 *0002#0000 0000240000 
] *020240000 20002#0000 
2 *0402#0000 40002#0000 
3 *0602#0000 6000240000 
4 80002#0000 


*0802#0000 ~ 


Example 2: Direct seek outward 53 cylinders. 


DISK DIRECT SEEK DIRECT SEEK ADDRESS 
DRIVE ADDRESS USING ALTERNATE CODE 
0 *0100#0000 00100#0000 
1 *0300#0000 20100#0000 
2 *0500#0000 40100#0000 
3 *0700#0000 60100#0000 
4 *0900#0000 80100#0000 


In both examples, alternate code direct seek ad- 


dresses use position 1 to specify twice the number of 
the drive and positions three, four, and five to specify 
twice the number of cylinders the access assembly 4 is to 
be moved. 
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The direct seek address format is used only for direct 
seek operations; it is not used to address data for read 
or write operations. The format is: 


Direct Seek Address 


(* Once#xxxx) 


RETURN TO HOME SEEK 


A seek that causes the access assembly to move out- 
ward past cylinder 00 (to home position) before mov- 
ing to the desired cylinder is called a return to home 
seek. A seek instruction with a disk control field at the 
B-address causes a return to home seek. Average access 
time is 250 milliseconds; maximum access time is about 
400 milliseconds. The format is: 


Disk Control. Field v 
(*OAAAAASSS) . f 


SEEK DISK CHECKING 


_ An unsuccessful seek becomes known when the sub- 


sequent read or write operation causes a condition sig- 
nal. This can indicate that the access assembly is at an 
unknown location; a return to home seek is necessary 
to position the access assembly at the desired cylinder. 

A typical series of instructions for programming non- 
overlap seek and subsequent read or write operations 
is as follows: 


Branch if I-O channel status indicator ON 


Seek Disk 

Branch if I-O channel status indicator ON 
Read or write disk } (Loop until channel 
Branch on I-O channel busy not busy ) 


Branch if I-O channel status indicator ON 


SEEK OVERLAP 


This special feature permits simultaneous seek opera- 


tions to be programmed for any or all of the disk drives — 


on a channel, thereby achieving a considerable savings 
in the time required for operations involving more than 
one disk pack. Direct seek or return to home seek in- 
structions are used. 


Sector Mode 
| X-CONTROL 
OP CODE FIELD B-ADDRESS d-CHARACTER 
Vv 
MorL XF1 XXXXX | R or W 


This instruction transfers one or more sectors with- 
out sector addresses to or from a 1311 drive. The num- 
ber of sectors transferred is determined by the sector 
count of the disk control field. 

The disk control field (*OAAAAASSS) is sent to the 
1311-5 from the computer. The format is: 


ae ; se 
. Disk Control Field One to 200 Sectors 


The 1311-5 decodes *OAAAAA to select the correct 
disk drive and read-write head, stores the core sector 
address in its sector address register, stores the sector 
count in its sector count register, and stores the alter- 
nate code position. 

The addressed 1311 then eons a search of the se- 
lected surface for a sector address that matches the 
contents of the sector address register. Sector addresses 
on the track are compared to the sector address register 
until a match occurs or until two index pulses have 
been sensed. An index pulse indicates the beginning 
of a track. If a match does not occur before two index 
pulses are sensed, the 1311-5 transmits an end signal 
and a condition signal to the computer. If a match does 
occur, data are transferred. 

The total number of sectors to be transferred is con- 
trolled by the contents of the sector count register. As 
each sector is transferred, the contents of the sector 
count register is decremented by one, and the sector 
address register is incremented by one. The next sector 
address is then compared with the updated sector ad- 
dress register. When the sector count register becomes 
000, the operation terminates. 

The incrementing of the sector address register at 
the end of the last sector on that track causes the next 
read-write head (for the next track in the cylinder) to 
be selected. Following the selection of the new read- 
write head, the first sector address on disk is compared 
to the sector address register. If it matches, sectors of 


data continue to be transferred. Upon completion, the | 


1311-5 sends an end signal to the computer. If any 
sector address does not match, the 1311-5 transmits an 
end signal and a condition signal to the computer. 

Transfer of data is stopped by: 

Sensing a GM-wM in storage. | 

Reducing the sector count register in the 1311-5 to 
000. 

End of cylinder. - 

Failure of the sector address to compare equal with 
the updated address register contents. 

Records less than 90 or 100 characters in length 
must be filled out with dummy characters to avoid 
wrong length record (w1r) indication. 

If more sectors are to be transferred when the end 
of a cylinder is reached, the sector address register is 
incremented to the first sector address in the next 
cylinder. This address does not compare equally be- 
cause the access mechanism has not moved to the new 
cylinder. The non-compare causes the 1311-5 to send 
an end signal and a condition signal to the computer. 


Additional seek and sector instructions are necessary 
to move the access assembly and transfer the remaining 
sectors of Heo in the new cylinder. 


Write Disk Check 


X-CONTROL 
oP CODE FIELD B-ADDRESS d-CHARACTER 
M or L XF3 XXXXX W or X 


The write disk check operation provides a method 

of checking data previously written on disk. Data re- 
corded on disk storage are read and compared bit for 
bit by the 1311-5 with the data in core storage pre- 
viously written on disk. 
_ The type of write check operation (sector mode, 
track sectors, track record, or sector count overlay ) 
performed depends on the preceding mode of opera- 
tion; if a sector mode operation preceded the write 
disk check instruction, it will be a write disk check in 
sector mode. 

An unsuccessful write disk check causes the data 
check 1-0 channel status indicator in the computer to 
be set on. 

The op code, B-address, and the d-character for the 
write disk check instruction must be the same as the 
operation code, B-address, and d-character of the in- 
struction used to write the data that are to be checked. 


Store Disk Control Field 


X-CONTROL 


OP CODE FIELD B-ADDRESS d-CHARACTER 
Mor L XF4 XXXXX R 


This instruction causes the ten characters in the 
1311-5 registers (*OAAAAASSS) to be transferred to 
the computer and stored in the location specified by 
the B-address. This instruction may be used after any 
1311 operation. The format is: 


Disk Control Field Ss 
(*OAAAAASSS) ¢ 


Track Sectors with Addresses 


X-CONTROL , 
OP CODE _ FIELD B-ADDRESS d-CHARACTER 
Vv Vv . 
MorL | XF6 XXXXX Ror W | 


Move mode — 2,120 characters. 
| Load mode — 1,920 characters 
This instruction transfers a full track of data with 
sector addresses to and from 1311 disk storage. The for- 
mat is: } 


eae |v | Sector 0 | Sector 0} Sector i. Sector 1: se Vv 
a ector 
Field E ddress ; Address (19) : 


1410 Data Processing System Operation with 1311 Disk Storage 133 


The core sector address portion of the disk control | 


field transferred to the 1311-5 is compared to the sector 
addresses on the associated track. When a match oc- 


curs, the transfer of data is initiated by the next track _ 


index pulse. The transfer starts with the first sector ad- 
dress on the selected track. Transfer continues until 
20 sectors of addresses and data have been transferred. 

This mode of operation permits sector addresses to 
be read, rewritten, or changed. 


For a write track sectors with addresses operation, 
desired or fictitious records must be supplied for each 
existing sector area in core storage to insure that sector 
addresses will be properly written. 

The sector count field must be 020 for this operation. 
The 1311-5 sector address register is not incremented 
for this operation. If two index pulses are sensed before 
an address match occurs, an end signal and a condition 
signal are sent to the computer. 


If the GM-wo is sensed prior to the disk end-of-track, 
the wr indicator in the computer is set on and data 
transfer stops. If disk end-of-track is sensed prior to 
the GM-wM in core storage, data transmission stops 
and the wir indicator is set on. 

_ Norte: The write address key light, located on the 
1311-5, must be on to write track sectors with ad- 
dresses. 


Track Record with Address 


X-CONTROL 
OP CODE FIELD B-ADDRESS d-CHARACTER 
Vv Vv 
M or L  XF@ XXXXX —  RorW 


This special feature instruction transfers 2,980 seven- 
bit or 2,682 eight-bit characters to or from 1311 disk 
storage as a single track sector record with sector ad- 
dress. The format is: 


Disk Control Field : Sector Address Track Sector y 
| (2980 or 2682 Characters) f 


The write address key light must be on for a write 
track record with address operation. 


The sector count specified in the disk control field 
must be 001. The core sector address for the track 
record is written in the normal first address position 
after the index pulse, and may be any sector address 
in the block of 20 that designates the normal sector 
addresses on that track. Only one sector address is 
recorded. 

Data transfer begins at index pulse time after a 
successful sector address compare. If the sector address 
does not match, a condition signal is sent to the com- 
puter. 
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Tracks adjacent to a track having track record for- 
mat must also have track record format if they are to 
be used. 

If the cmM-wm is sensed before the end-of-track, the 
WLR indicator in the computer is set on and the opera- 
tion terminates. If the disk end-of-track is sensed be- 
fore the GM-wmM, the wLr indicator is set on and the 
operation stops. | 


Track Record 


X-CONTROL : 
oP CODE FIELD B-ADDRESS d-CHARACTER 
M or L SF2 XXXXX R or W 


This instruction is part of the track record with address 


special feature. It functions the same as the track rec- 
ord with address instruction except that the address 
is not handled. The format is: 


Track Sector 
Disk Control Field al (2980 or 2682 Characters) I 


One disk revolution is avoided because the data trans- 
fer begins immediately after a successful sector address 
compare. 


Sector Count Overlay 


pees X-CONTROL | | 
OP CODE FIELD B-ADDRESS d-CHARACTER 
Vv Vv , P : 
MorL XF5 XXXXX R or W 


Read sector count overlay operations enable data 
recorded on disk to specify the number of sectors to 
be transferred. The format is: 


Number of sectors read, less 


Disk Control Field one, isspecified by first three 


positions 


This facilitates operations involving an unknown num- 
ber of sectors. The sector count must be at least one. 

The first three digits of the first sector (specifying 
the additional number of sectors to be read) are auto- 


matically placed in the sector count register in the 


1311-5 when the first sector is read. This register is 
decremented by one for each additional sector trans- 
ferred until it reaches 000 causing the operation to 
terminate. The first three digits of the first sector are 
read into computer core storage in the usual manner. 

Space must be provided in the B-field for the max- 
imum number of records expected. Fewer records 


cause a WLR indication. A wir indication can be ex- 


pected when the length of the record is unknown. 
A write sector count overlay operation is the same 
as a sector mode operation with the following differ- 


Ge 


——— 
a x 


ence. As the first three digits of the first record are writ- 
ten on disk, they are also placed in the sector count 


register in the 1311-5. This allows the first three data 


- characters to specify the additional number of sectors 


to be written. The number of sectors written is the 


_ value of the first three data digits plus 1. The sector 
count in core storage must be at least one. The format 


is: 


Number of sectors written 
after first one is defined by 
first three positions 


Disk Control Field — 


Scan Disk 
| X-CONTROL 
OP CODE FIELD B-ADDRESS d-CHARACTER 
v Vv 
M or L XF7 (Lowor © xXxxxx W 
| equal ) | 


_ XF8 ( Equal ) 
XF9 (High or — 
equal ) 


This special feature operation scans a specified num- 
ber of sectors for a compare with a search argument in 
core storage up to one sector in length. The format is: 


The first sector to be scanned and the number of 
sectors to be scanned are specified in the disk control 
field of the scan disk instruction. The search argument 
follows this disk control field: in core storage. Scanning 
must be done in the same mode (M or L) as that in 
which the sectors were recorded. Data recorded in 
track record mode cannot be scanned. 


The argument in core storage is the B-field and the 
data on the disk pack are the A-field. A Gm-wm placed 
after the last character in the search argument con- 
serves storage space if the search argument is less 
than one sector in length. Skip codes ($) in core 


storage can be used to blank out character positions 


not used in the search argument: 
$$A$123$$456 
_ After a successful sector address compare, the argu- 

ment from the 1410 is compared character by character 
with the data from disk storage (skip codes are not 
compared ). 

A scan operation terminates when 

The desired sector is found; the sector count register 
in the 1311-5 may or may not have reached 000. 

End of cylinder occurs before completion of the scan 
causing a condition signal to the computer; the sector 
count register will not contain 000. | 


A scan is completed without finding the desired 


data; the sector count register will be 000. 


After a successful scan, the address of the sector 
that satisfies the search argument is in the sector ad- 
dress register where it is available to a store disk con- 
trol field operation. The result of the scan is learned 
by testing the computer compare indicators (Hi-Lo- 


Eq) with the appropriate branch if indicator on in- 


struction. 


High indicates that the B-field (argument) is higher 
than the A-field (disk storage). Low indicates that 
the B-field is lower than the A-field. Scan operation 
cannot be executed in overlap mode; overlapped scan 


operation causes an instruction check. 


l-O No Operation 


X-CONTROL : 
oP CODE FIELD B-ADDRESS d-CHARACTER _ 
MorL. xFx XXXXX QO or V 


This instruction is used on a 1410 system equipped 
with the priority processing special feature. Its pri- 
mary purpose is to set the 1-0 channel status indicators 
for an 1-0 unit, so that the status of the unit can be 
tested by a branch if 1-o channel status indicator on 
instruction: R(1)d or x(1)d. No data transfer occurs 
with this instruction; for example, assume that a 1311-5 
with the seek overlap special feature has issued seek 
instructions to several access assemblies. The first ac-_ 
cess assembly to reach its destination will cause an 
interrupt to the system. It is necessary to determine 
which access assembly caused the interrupt. 


The 1-0 no disk control field selects a particular 
access assembly. A branch on busy instruction (R(1)d) 
is used to determine if that access assembly is busy. 


If the access assembly is in motion, a busy condition 


will result. If the access assembly is not in motion, a 
busy condition will not result (seek completed) and 
it an n be assumed that the access assembly addressed 
is thé.one that caused the interrupt. Each of the moved 
access assemblies can be tested in this manner. . 


The seek complete signal that caused the interrupt 
is terminated by a read, write, or 1-o no operation in- 


struction that addresses the access _assembly _ that 


caused the signal. 


When the 1-0 no op instruction is being used to set 
the 1-o channel status indicators, the op code can be 
M or L, the units position of the X-control field can 


- be any valid character, and the d-character can be 


either Q or V. Q is used for input status; V is used 
for output status. 
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1410 Operation 


| All 1410-1311 disk instructions can be divided ‘nitG two 
or three phases of 1410 operations: 


Instruction Read-out. 


Second Address T ransfer (occurs for all 1311 in- 
structions except store disk control field). 


Read or Write Data Transfer (occurs for all instruc- 
tions except seek, or those instructions with a Q or V 
op-modifier ). 

Figure 82 shows the phases of 1411 operation re- 
quired to execute 1311 instructions. 


Instruction Read-out 

To start a 1311 operation, the 1411 must eae out a 
1311 instruction. During M or L instruction read-out, 
the I-ring is advanced rapidly from I-op to I-3. The 
channel select character is read out and stored in the 
channel select register at I-3 time. Next, the selected 
channel interlock, move or load latch, is tested to de- 


termine if the program has properly interrogated the 


channel status indicators. Instruction read-out is shown 
on Figure 83. If the interlock is on, master error stops 
the cru at I-3 time, with the system check 1-0 interlock 


on. If the channel interlock is off, a channel reset is | 
generated; as a result, the channel control and status _ 


latches are reset. 

Following channel reset, the unit select character is 
read out and stored in the unit select register. The 
unit select character for file is F. At I-5 time, the unit 
number character is read out and stored in the unit 
number register. The unit number register outputs are 
decoded in the 1311. The character decoded detér- 


mines the type of file operation. Figure 81 shows the 


_ character required for each type of file operation. 

Starting with I-6 time and ending with I-10, the 
five character B-address is read out and stored in the 
address register. The B-address refers to the starting 
location of a ten character field; the ten character 
field is the disk control field. The disk control field is 
a ten character address that is used by the 1311 file 
control unit to address disk. storage. The disk control 
- field is transferred to the 1311 during the i second 
address transfer. 

At I-11 time, the op-modifier ahavact is read out 
and stored in the op-mod register; in addition, the 
move or load latch is set. Following I-11, the 1411 gen- 
erates status sample A. With the file selected, status 
sample A is used to determine if the file is ready. If 
the file is not ready, the selected channel not ready 
status causes last execute cycle. Last execute cycle sets 
the I-cycle control latch causing the cru to process 
the next instruction. If no status occurs, the 1411 pro- 
ceeds to the next phase of operation. 7 
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Second Address Transfer 


‘The second phase of 1410 operation is - second 
‘address transfer (Figure 82). During the second ad- 


dress transfer, the 1411 operates in output mode to 
transfer the ten character disk control field to the 1311. 
The second address transfer is the last phase of 1411 


operation for seek and instructions modified by Q or 


V. Instructions used to read, write, compare, or write 


check data follow the second address transfer cycle 


with either read or write data transfers. 

The second address transfer latch is set to start the 
second address transfer cycle if: 

The file isready. 

The unit number register is not set to 4. 

Second address transfer is shown on Figure 84. 

If the unit number register is set to 4, the instruc- 
tion in process is store disk control field; the 1311 does 
not need a disk control field to execute this instruction. 
Because the disk control field is not required, the 
second address transfer is inhibited when the unit 


number register contains a 4. 


Any instruction, except store disk control field, re- 


quires a disk control field; therefore, the second ad- 


dress transfer follows instruction read-out. When 
second address transfer latch is set, its output is used 
to force output mode. In output mode, the 1411 takes 
two E-cycles to fill the E registers with the first two 
disk control field characters. When E-2 is full, the 


1411 issues a file start gate to the 1311. Receipt of the 


file start gate signals the 1311 to start an address trans- 


fer operation. 


During a 1311 address transfer, the disk control unit 
issues one data strobe for each character transferred 
from the read-write bus into storage. Ten disk control 
characters must be transferred to successfully complete 
the address transfer. Data flows from 141] core storage, 
through the E registers, onto the 1410 read-write bus 
and into the 1311 1-0 register. 


SECOND ADDRESS TRANSFER END CONDITIONS 


After the tenth 1411 E-cycle, the 1411 recognizes 
the GM-wM; this causes the 1411 to set internal end of 
transfer. With internal end set, the 1411 waits for the 
1311 end of address transfer or end op signal. | 

If the instruction processed is seek, or modified by a 


Q or V op-modifier, or if the 1311 is busy, not ready, or 


the sector count equals zero,the 1311 issues end op to 
set the 1411 external end of transfer latch. When in- 


ternal and external end of transfer conditions AND, the © 


1411 generates status sample B and drops file op. 
Thus, for these conditions, the file operation ends after 


the second address transfer cycle. 


If the instruction processed is not seek or not modi- 


fied by the Q or V op-modifier (or the file is not ready, — 
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Figure 83. Instruction Read-Out 
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Load Latch for that se ao 
Channel is On eras 
5 
: Last 
Set Unit Tom 


Number Reg 
15.55.01 


Unoverlap-Use 
BAR 
Overlap-Use EAR 
or FAR 


Enter B 
Address into 
Address Reg 


a 
— 
der ane 
Compute Disable ae 
12.12.60 . 
ox 
nie 
Read Bob Lights the Set Input ke 
to 1311 = Read Indicator nee Mode Latcl ot 
on 1415 Console 15.62.01 
| — 
| 
ie 
Indicator Remains 
On Until Channel 
Reset of Next 
Channel Op 
; | M ee Lights the Channel Set Move 
File Op to 1311. pie epee Interlock Indicator aac caite Mode Latct 
Unit Number Register to 1311 


on 1415 Console 15.62.02 


Output to 1311. ae: 
aa 
— 
ES 
Last Execute 
Cycle 
12.12.51 — 
Process Nex 
Instruction —~ 
aa 


Unoverlap | 


‘Unoverlap Overlap 


_ Overlap 


E or F Ch 


_ in Process 
1 
LG D 
Cp 2 Set Op 
Mod Reg 
15.38.04 “ 
11 
LG F 
: Set Output Lights the . 
R,$, or Q Op Mod Char We OEY Mode Latch pele Write Indicator cP nee 
15.62.01 on 1415 Console oe 
| 
| 
Last Instruction Indicator Remains 
12} Read-out Cycle On until Channel 
(LIROC) Reset of Next 
12.13.05 Channel Op 
, ; ~ LIROC 
M Op Reg Char L Set Load Mode Lights the Channel IGE eat 
Mol Latch E Ch ee Interlock Indicator —— to 1311 
a 15.62.02 on 1415 Console . 
Status 
Sample A 
13.65.06 
Ves E Channel 2 


Any Status On 
13.72.05 - 
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Om 


et E17 Full 
5.41.10 


im 
1 Strobe 
52 .03 


1311 End Op 
13.42.11 


a, 

‘onnect 

42.11 
‘a eS 

nd Op 
~~ u 
ernal 

r 

11 


| End 
sfer Set No 
i ane, 
f Set Internal End 
of Transfer with 
fo El and E2 Full 


- Output Mode, 
and External End 


of Transfer 
13.63.01. 


> 


Status 
Sample B 
13.65.05 


) 


Drop File Op 
13.50.07 


1311 
Data Strobe 
15.62.03 


No 


Reset File Start 
Latch with First 
Data: Strobe 


Latch Output 
113.72.01 


Set Strobe 
Latch 
15.62.03 


E2 Empty 
and Strobe 
Latch 

13.42.11 


Yes 


Set End of 
Address Transfer 
13.42.11 


Set End of 
Second Address 
Transfer and 
Reset Second 
Address 
Transfer 
13.72.01 


Drop Output 
Mode if 
Op-Mod is 
R,$, or Q 
15.62.01 


Reset Internal 
End of Transfer 
13.63.01 


Seek, Op-Mod Qor V \ ny, 
1311 Not Ready, Busy, 
or Sector Count 000 


13.42.11 


E2 Full and 
Second Address 


Transfer 


13.42.11 


Reset 
E2 Full 
15.62.05 


Reset Strobe 
Latch with 
Reset E2 Full 
and Output 
Mode 
15.62.03 


internal End 
of Transfer 

’ Set 

13.63.01 


El to E2 
15.62.06 


Set E2 Full 
15.41.10 


Reset 
EI] Full 


» 15.41.10 


Take 
E Cycle 
12.12.66 


Yes 


GM-WM 


Set Internal End 


of Transfer 


13.63.01 


13! 
Da 
15 


1311 End of 
Address Transfer 
13.42.11 


Yes 


Yes Unit Number No 
4 


Set Second 
Address Transfer 
Latch with 
Status Sample A 
Delayed, No 
Status On, E Ch 
Select Unit F, 
and Not Unit 
Number 4 
13.72.01 


Inhibit Second 
Address Transfer 


13.72.01 


Force Output 
Mode with E Ch 
File Address 
Transfer 


15.62.01 


Write to 
1311 


Take 
E Cycle 


12.12.66 


Yes GM-WM No 
15.41.07 


Set El Full 
15.41.10 


El to E2 
15.62.06 


Set E2 Full 
15.41.10 


Reset 
E! Full 
15.41.10 


Set File Start 
Gate With E2 
Full and Select 
Unit F 
13.72.01 


Take 
E Cycle 
12.12.66 . 


GM-WM 
15.41.07 


Set E17 Full 
15.41.10 


131] 
Data Strobe 
15.62.03 


Figure 84. Second Address Transfer 
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Yes 


Set. First Data 
Strobe Latch 


13.72.04 


Disconnect 


13.42.11 


Disconnect 
to 1311 


1311 End Op 
13.42.11 


Set External 
End of 


Transfer 


13.42.11 


Internal End 


wes of Transfer Set 


Set Internal End 
of Transfer with 
El and E2 Full 
Output Mode, 
and External End 


of Transfer 
13.63.01. 


Status 
Sample B 
13.65.05 


Drop File Op 


13.50.07 


ed 1311 


Data S$ 
15.62 


Yes 


busy, sector count is not 000) the 1311 issues end of 
address transfer. End of address transfer causes the 
1411 second address transfer latch to reset. Because 


-end op was not issued, the 1411 external end of 


transfer is not set; therefore, the 1411 prepares to 
continue file operation. The next phase of 1411 file 


operation is either a read or a write data transfer; this — 


is determined by the 1311 file instruction op-modifier. 


If the 1411 B-field is too short, internal end of trans- 
fer with E-1 and E-2 empty occurs prior to receipt of 
the 1311 end of address transfer or end op signals. In 
this case, the 1411 issues a disconnect to the 1311; 
disconnect then causes the 1311 to issue end op. The 
1411 external end of transfer latch is set with end op; 
this causes the 1411 to generate status s sample B and 
end file operation. 


If the B-field is too long, there are two ways to end 
file operation. If the 1311 issues end of address transfer 
prior to internal end, E-2 full and end of address trans- 
fer cause the 1411 to issue disconnect. The 1311 issues 
end op in response to the disconnect; end op causes 
external end of transfer to set. External end of transfer 
with E-1 and E-2 full causes the 1311 internal end of 
transfer latch to set. Internal and external end of 


transfer cause the 1411 to generate status sample B and 


end file operation. 


If the 1311 issues end op prior to internal end, the 
disconnect is not issued. End op causes the external 
end of transfer latch to set; external end of transfer 
with E-1 and E-2 full cause the internal end of trans- 
fer latch to set. Internal and external end of transfer 
cause the 1411 to generate status sample B and end 
file operation. 


Data Transfers 


During any operation, data transfers between the 1311 
and 1411 are synchronized by data strobes generated 
in the 1311. The direction of data transferred is de- 
termined by the mode of 1411 operation. File instruc- 
tions with the R or $ op-modifiers cause the 1411 to 
operate in input mode; file instructions with the W or 
X op-modifiers cause the 1411 to operate in output 
mode. Data transfers can be terminated by the 1311 or 
the 1411. 


With the exception of the store disk control field 
instruction, the remaining read or write instructions 


are preceded by a second address transfer. Before any 


data transfer, the 1311 uses the disk control field to 
select the correct access mechanism and to verify the 
sector address. No data are transferred to or from the 


disk until the disk control field is successfully compared 
with the disk address. 


READ DATA TRANSFER 


Read data operations start after the 1311 end of ad- 
dress transfer signal resets the 1411 second address 
transfer and internal end of transfer latches; as a result, 


the 1411 sets the input mode latch and waits for the 


1311 to compare address. If the disk address does not 
compare, the 1311 issues end op; this signal sets the 
1411 external end of transfer latch. External end of 
transfer causes the 1411 to force last input cycle and 
to set the internal end of transfer latch. When internal 
and external end of transfer AND, the 1411 generates 
status sample B to complete the file operation. Input 
mode operation is shown in Figure 85. If the disk ad- 
dress compares, the 1311 issues one data strobe for 
each character placed on the read-write bus. The read 
data is transferred from the read-write bus into E-1, 
and from E-1 to E-2; the contents of E-2 are stored 
in core storage with each E-cycle. Data transfers and 
E-cycles continue until either the 1311 or the 1411 
causes the operation to end. 3 

Several read data transfer end sndiioné are pos- 
sible. In most operations, after the last data strobe, the 
1411 receives end op prior to the internal end of trans- 
fer, the 1411 then takes one more E-cycle to detect end 
of storage or end of field. End of field or end of storage 
causes the internal end of transfer latch to set. When 
internal and external end of transfer AND, status sample 
B is generated to complete the file operation. If end of 
field or end of storage does not occur on the last 
E-cycle, “last input cycle” causes the internal end of 
transfer latch to set. When internal and external end 
of transfer AND, status sample B is generated to com- 
plete the file operation. 

If 1411 end of storage or end of field condition causes 
the internal end of transfer latch to set before the end 
op signal, the 1411 issues disconnect and waits for the 
1311 end op signal. End op sets the external end of 
transfer latch; with external and internal end of trans- 
fer latches set, the 1411 generates status sample B to 
complete the file operation. 


WRITE DATA TRANSFER 


Write data operations start after the 1311 end of 


address transfer signal resets the 1411 second address 
transfer and internal end of transfer latches. The W or 
X op-modifiers cause the output mode latch to set. In 
output mode, the 1411] takes two E-cycles to fill the E 
registers. The 1411 waits for data strobes from the file 
to start the write data transfers. Output mode opera- 


tion is shown in Figure 85. 


Before issuing data strobes and writing data, the 
1311 uses the disk control field to compare address. If 
the address does not compare, the 1311 issues end op. 
End op sets the 1411 external end of transfer latch; 
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with external end of transfer set and E-1 and E-2 full, 
the 1411 sets internal end of transfer. When internal 
and external end of transfer anp, the 1411] eet 
status sample B to end the file operation. 

If the address compares, the 1311 issues data strobes 
to maintain data transfer synchronization with the 
1411. Data is transferred until either the 1311 or the 
1411 ends the write operation. 

In most cases, the 1411 recognizes end of storage or 
end of field and sets the internal end of transfer latch. 
If E-1 and E-2 are empty, the 1411 issues disconnect. 
If a scan operation is not in process, the 1311 issues 
end op to set the 1411 external end of transfer. Internal 
and external end of transfer cause the 1411 to gence 
status sample B to end file operation. 

If a scan operation is in process and the scan condi- 
tions have not been met, the 1311 issues scan restart 


140 


instead of end op. Scan restart causes the 1411 to con- | 


tinue in output mode and to repeat the record transfer. 
To transfer the same record in response to the scan re- 
start signal, the 1411 uses the aan contents on the first 
E-cycle; as a result, the EaR is updated for the remain- 
ing E-cycles and this assures the same record is trans- 
ferred to the 1311 for each scan. The scan operation 
ends when the scan conditions have been met or if the 
sector count is 0. The 1311 signals end with the end op 
signal; end op causes the 1411 to complete the file 
operation. When the 1311 issues end op prior to in- 
ternal end of transfer, the end sequence starts when 
the external end of transfer latch is set. External end 
of transfer, E-1 and E-2 full, and output mode Anp to 
set internal end of transfer. Internal and external end 
of transfer cause the 1411 to generate status sample B 
to complete the write operation. 


—_ 


Yes — Op=Mod 


Set Input Mode 
Read to with Ror $ for 
Wt? Mar L Ops 

15.62.01 


1311 
Yes Address 
Compare 


1311 
End Op 


13.42.11 


Yes 


1311 
Data Strobe 


15.62.03 


Set External 
End of 
Transfer 


Set ET Full 13.42.11 
15.41.10 
Input or 
Input Output 
El to E2 E ne P 
15.62.06 ae 


Ready C (E] 
Not Full, 
External End, 


Force Internal 
| End of 
Transfer with 


Set E2 Full Input Mode El and E2 Full, 
15.41.10 not Internal and Output 
End, and E. [Mode — 
Channel in 
peice. 13.63.01 


Reset E1 Full 


_ | 15.41.10 12.12.68 


E Cycle 
Required 


12.12.62 


Take E Cycle 
12.12.66 


Force Last 
Input Cycle 
With E Cycle 
Required and 
Input Mode 


R Op-Mod $ 


GM-WM 
15.41.07 


13.63.02 


Gate E2 to 1311 
Storage and End Op 
Reset E2 Full 13.42.11 


Set Internal 
End of 


Transfer 
13.63.01 


Set External 
End of 


Transfer 
13.42.11 


Wraparound 
14.47.01 


Set Internal 
End of 
Transfer 
13.63.01 


Last Input 
Cycle 

(LGF or W, E1 
and £2 Full, 
and External 
End 


13.63.02 


Status 
Sample B 


13.65.05 


Disconnect 
(Select Unit F, 


Drop 
File Op 


Disconnect Internal End, 
to 1311 and Input Yes GM-WM 13.50.07 
Mode) Set Internal 
15.41 .07 End of 
13.42.11 
Transfer 
13.63.01 1311 
Condition 
oe Yes Set External Set Internal Status 12.62.03 


End of End of 


Transfer Transfer 
13.42.11 13.63.01 


Sample B 


13.42.11 
13.65.05 


Wrong Length 
Record 


13.63.03 


Status . Status 
Sample B Sample B- 
13.65.05 13.65.05 


Drop File 
Op 
13.50.07 


Drop File. 


Op 
13.50.07 


Figure 85. Input and Output Mode Operation 


a 


Continue. 
in Outpt 


Scan Op Restart 
Resets: Internal 
End, End of 

Record, Internal 
End of Transfer, 
Disconnect and 


Mode 


13.74.03 Take E Cycle 


(Use BAR or 
EAR) 
12.12.66 


El to E2 


15.62.06 


Set E2 
Full 


15.41.10 


Reset E1 
Full 


15.41.10 


Set File Start 
Latch with 


E2 Full 
13.72.01 


Take E 
Cycle 


12.12.66 


1311 
Address 
Compare 


| Yes 


1311 
Data Strobe 
15.62.03 


El and E2 


Empty and Set Strobe 
Internal End of Latch 
15.62.03 


Transfer 


13.42.11 


Disconnect 


13.42.11 First Data 


Strobe 


No 


Set First Data 
Strobe Latch 
and Reset File 
Start Latch 


1311 
End Op 


13.42.11 


Reset E2 
Full 


15.41.10 


13.72.01 


1311 Scan 
Restart Latch 
with 
Unoverlap and 


E Channel | Reset Strobe 
Disconnect Set External Latch 
Causes Scan End of Transfer 

Op Restart . ene 


13.42.11 


13.74.05 


are 


Internal 
End of Transfer 
Latch Set 

13.63.01 


El to E2 


15.62.06 


Set E2 
Full 


15.41.10 


Reset E] 
Fult 


15.41.10 


Take E 
Cycle 


12.12.66 


Op Mod 
W or X 


Vee GM-WM 


15.41.07 


Set El 
Full 


15.41.10 


Wraparound 


14.47.01 


Set Internal 
End of Transfer 


13.63.01 


1311 
Data Strobe 


15.62.03 


1311 
End Op 


13.42.11 


Set External 


End of 
Transfer 
13.4 


internal End. 
of Transfer Set 


13.63.01 


Status 
Sample B 


13.65.05 


Drop File Op 
13.50.07 
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Yes 


End of Transfer 
with El and E2 


End of Transfer 


we 
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aa 
Not Ready 

aa | (A-Status 

Indicator) 

fo 

| Busy 
(A-Status 
Indicator) 
Data Check 
(B-Status 
Indicator) 

fos 
Condition 
(A-Status 

Indicator) 


a. No Transfer 


/ : (B-Status 
—_— Indicator) 


(A-Status Indicator 
for Kd Command) 


Wrong Length 
Record (B- 
Status Indicator) 


Figure 86. Status Indicator Chart — 1402 Card Read Punch 


Card jam 
Reader out of cards (not EOF) 
Reader not on line 

Reader power off 

Reader stacker full 

Cover interlock open 

Feed clutch failure (clutch check) 
Joggle switch open (file feed door) 
Input-Output synchronizer off line 
Input-Output synchronizer power off 


Read synchronizer being filled 
Card being stacked 


Hole count check 

Input-Output synchronizer detects parity 
error 

Input-Output synchronizer detects timing 
error 

Processing unit detects parity error 

Never set on stacker select and feed 
instruction 


EOF (last card has been stacked) 

(EOF latch turned off as this indicator 
turned on) 

Never set on stacker select and feed 
instruction 


Card has been transferred previously. 
This indicator will be set ON if two 
select stacker and feed instructions 
are given without an intervening 
read a card instruction with a 9 in 
the units position (n) of the X-control 
field. It will also be set ON if two 


read a card instructions with a 9 in the 


units position of the X-control field 
are given without an intervening 
select stacker and feed instruction 


Wrong Length record 
Never set on stacker select and feed 
instruction 


Card jam 
Punch out of cards 


Punch stacker full 

Punch power off 

Punch not on line 

Chip basket full or not in place 


~ Cover interlock open 


Previous card still being punched 


Input-Output synchronizer detects one 
of the following errors during CPU-to- 
synchronizer data transfer: 

Parity Error 

Clock Error 

Ring Error 

(card is not punched) 


Hole count check-detected during the punch 
cycle of the following card. If error 
card is stacked, a blank card (second 
card behind. error card) is fed. Parity 
error detected during punching. 


Never set 


Wrong length record (this card not punched) 
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Not Ready Out of cards (not EOF) 
(A-Status Feed check | 
— Indicator | Stop key depressed 
Full stacker 
Power-off 


Busy Card in motion 
(A) between read 
cycle 


Condition Last card data transferred 
(A) on previous instruction 


Wrong Length . Incorrectly located 
Record GM-WM 
Feed-ck 


Data Check | | Invalid card punch 
Crooked feeding (skew ck) 
: Photo-cell malfunction 


Figure 87. Status Indicator Chart — 1442-3 Card Reader 


INDICATOR 1403 PRINTER 


Not Ready Printer not ready, printer not on line, Printer not ready, printer not on line, 
(A-Status printer power off, printer out of printer power off, printer out of 
Indicator) forms forms 


Busy Previous line still being printed Forms in motion, forms instruction 
(A-Status waiting to be executed 
Indicator) 


Data Check I-O Synchronizer detects a parity or clock Never set 
(B-Status error during CPU-to-Synchronizer (line 3 
Indicator) is not printed) 


Condition I-O Synchronizer detected one of following Never set 
(A-Status errors during printing of line from 
Indicator) previous print command 
Hammer check | Parity error | 
Hammer fire Synch Check. 
check (chain timing) 
- Equal compare Print ctrl error 
check (hammer reset) 
Print line Delay ctrl error 
compare check (ring timing) 
(present command is terminated--no data 
transfer) 


Wrong Length — Wrong length record (line is not printed) . Never set 
Record 

(B-Status 

Indicator) 


Figure 88. Status Indicator Chart — 1403 Printer 
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FT 


| INDICATOR T403 CONSOLE OPE 


Busy 
(A-Status Indicator) 


Data Check 
(B-Status Indicator) 
Condition 
a (A-Status Indicator) 
i‘ No Transfer 
(A-Status Indicator) 


Wrong Length 
Record 
(B-Status Indicator) 


RATIONS 


Never set (read operation) ; 
Carriage returning (write operation) 


Processing unit detects input character validity error (read) 
I-O printer detects output character validity error (write) | 


Cancel key operated during inquiry (read) 
Never set (write) 


Wrong length record (read) 
Never set (write) 


Figure 89. Status Indicator Chart — 1415 Console 


ae 

oN 
INDICATOR 

a Not Ready 

| (A-Status 

a 7 Indicator) 

4 Busy 
(A-Status 
Indicator) 

a . Data Check 
(B-Status 
Indicator) 
Condition 

ro (B-Status 


Indicator) 


No Transfer 


Wrong Length 
Record 


aa | (B-Status Indicator) 


Tape unit not ready 

No such tape unit selected 
Tape adapter unit not on line 
Tape adapter unit power off 


Tape adapter unit busy 


Processing unit received wrong parity character 
Tape adapter unit sent wrong parity character 
Tape mark read in odd parity mode 

Tape adapter unit received wrong parity character 
Tape adapter unit detects rbc parity error 

Set if write tape mark in odd parity 


Ist character of record was tape mark 
Foil strip detected 
Never set (unless tape mark read) 


Never set 


Wrong length record 
(WLR set if a write command addresses a GM-WM) 
Never set 


- Figure 90. Status Indicator Chart — 729-7330 Tape Units 


No message request--cancel key operated before inquiry (read) 
Never set (write) 


| 729-7330 TAPE OPERATIONS | 


Read, 
Write, 

and 

Unit Control 


Read, 
Write, and 
Unit Control 


Read 
Read 
Read 
Write 
Write 
Unit Control 


Read 
Write 
Unit Control 


Read 
Write, and 
Unit Control 


Read and Write 


Write 
Unit Control 
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INDICATOR 


~ 7750 PROGRAMMED TRANSMISSION CONTROL 


Not Ready 7750 not ready 


Data Check 


. Unusual end signal from 7750 
. Input parity error in 1410 


Condition . 7750 failed to terminate. previous operation correctly 


7750 unable to initiate operation 


[ate | 


Data transfer sncenipl ate: 7750. became inoperative during data transfer 


Wrong Length Data field actually transferred was different in length from either the field in 


Record storage or field in 7750. On input data is stored to 7 


Figure 91. Status Indicator Chart — 7750 PTC 


INDICATOR - 1014 READ © 1014 WRITE 


Not Ready Power off in 1414 or Power off in 1414 or 
(A-Status buffer not on line. - buffer not on line. 
Indicator) (No data transfer) (No data transfer) 


Busy (A-Status — Not applicable © Buffer emptying 
| Indicator) ; | . 


Data Check 79 characters entered Parity error between 
(B-Status or parity error between core storage and 
Indicator) 1414 and core storage. 1414, No transfer 

If parity error, incorrect to 1014 

data stored as * if | 

asterisk switch is on 


Condition Machine check within Preceding message in 
(A-Status 1414 | error as received at 
Indicator) station. Current 
message not 
tratsmitted 


No Transfer Buffer not full Preceding message not 
(A-Status transmitted; station 
Indicator) inoperative (non- 
existent station power 
off, station out of 
forms, or station 
did not acknowledge ~ 
preceding message) 
Wrong Length Incorrectly placed GM- Incorrectly placed GM- 
Record WM. Data stored WM. Data transfer 
(B-Status only to GM-WM.. up to GM-WM, but 
Indicator) Remainder lost only to 1414 


w 


- remainder lost 


1011 READ 


Power off in 1414, buffer not 
on line. 1011 out of tape 
or tape is broken, or 1011 
not attached to 1414 (no 
data transfer) 


Buffer filling © 


Parity error between 1414 and 
core storage. Incorrect data 
stored as an * if asterisk switch 
ison 


Not applicable 


Not applicable 


Incorrectly placed GM-WM. Data 
stored only to GM-WM. 
Remainder lost 


Figure 92. Status Indicator Chart — 1014 Inquiry Station, 1011 Paper Tape Reader 
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aa. 
| INDICATOR READ WRITE READ WRITE 
; a 7 i . . ; 
Not Ready Power off in 1414 Power off in 1414, Power off in 1414, Power off in 1414, buffer not 
| or buffer not on buffer not on buffer not on line, on line, 1009 not on line - 
line. (No data line, or local 1009 not on line, or power off. No transfer 
em, transfer) telegraph not or power off. No of data. 
. ready. (No transfer of data. 
transfer of o : 
e data) 
oo : 7 
fo. Busy Buffer filling Buffer emptying Buffer filling Both buffers have data; one is 
: | emptying. Or, last segment 
a of message is in | buffer. 
™ | Data Check Parity error, format Parity error between Parity error between Parity error between core 
check, or character 1410 core storage 1414 and core storage and the 1414, | 
pile-up between and 1414. No © storage. Incorrect _ Incorrect data arrived 
telegraph unit transfer to telegraph. data stored as * in 1414. (No transfer 
oo and 1414 or if asterisk switch to local 1009) 
‘ parity error is On. 
between 1414 
and 1410. 
Incorrect data 
f™ stored as *, if 
| asterisk switch 
is on. 
fr’ Condition Missed message Preceding message - Missed message Current message in error — 
| Buffer not emptied had parity or (buffer not Transmitted to local 1009, 
in time. translate error _ emptied in time) but not successfully to 
between 1414 or transmission remote 1009. 
and telegraph. error. (Indicator 


comes on only 
after end-of- 
‘message condition 

is recognized by 


the 1414) 


fe Nie “Pranefer End of message. (This comes 


on only after busy goes off.) 


No request. No - End of message 
message in 
buffer to be 


read. 


Preceding message 
transmitted but» 
received incor- 
rectly or not at 
all because of 
invalid format 
line failure, or 
excessive delay in 
getting characters 
to the output line, 
or no group mark ~ 
following the EOM 


sequence. 


Wrong Length Incorrectly placed Incorrectly placed - Incorrectly placed Incorrectly placed GM-WM. 

oN Record GM-WM.. Data GM-WM.. Data ~GM-WM.. Data Data transfer up to GM- 
stored only to transfer up to stored only to WM, but only to 1414, 
GM-WM. GM-WM, but GM-WM. not to local 1009. 
Remainder lost. only to the 1414 Remainder lost. 

(not to telegraph) 
eo 
Figure 93. Status Indicator Chart — Telegraph and 1009 DTU 

_ . | 

—_ 

—_. 

— 

a 
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INDICATOR | 7631/1301 
Not Ready . Access inoperative or 7631 off-line 
7631 power off 
; . Home address switch check 
Busy Access in motion 
| 7631 not available (model 3) 


Data Check Parity check 
Check character code check 
Write disk check - 
Format character check 
Invalid track number 


Condition 


Wrong length format 

No record found 

Write check without mode setting 
Disk storage circuit check 

File control circuit check 

Invalid operation code 


No Transfer No read or write operation performed 
(No data or address is transferred) 


Wrong Length Short or long record 
Record 


Figure 94. Status Indicator Chart — 1301 Disk Storage 


. INDICATOR 1412 MAGNETIC CHARACTER READER, MODEL 1 
Not Ready Not feeding documents 
Document in wrong position for reading 


Data Check Any I-O 3,4,5,6 or 7 indicator on 
I-O 3 read check indicator 

l-O 4 amount field indicator 

1-O 5 control field indicator 

I-O 6 account number indicator 
1-O routing field indicator 


Wrong Length 
Record 


Wrong length record condition 


Figure 95. Status Indicator Chart — 1412 MCR 


INDICATOR 
(dschaméten | 


Not Ready Sort/Compare Error 
(1) Jam Condition 
No Read Field Selected 
Empty Hopper 
Full Pocket 
Cover Interlock Open 


Data Check One of the following indicators is NOT on: 
(4) ; Amount Field Valid 
Process Control Field Valid 
Account No Field Valid 
Transit Field Valid 
Serial No Field Valid 


’ Wrong Length Wrong Length Record 
Record (B) 


Figure 96. Status Indicator Chart — 1419 MCR 
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No such address 
No such access arm 
1405 power off 
1405 off line 


fs ] 
NOT READY 
i Access arm inoperative 
9 Access arm still in. 
BUSY motion from previous 
* operation a 
4 1405 unit detects wrong 
DATA CHECK parity character in 
address 


Never set 
| 8 
_- CONDITION 


ec - (B-bit) : 
WRONG LENGTH 
RECORD 


Wrong length address 


aoa Wrong length address. 
| 1405 unit detects wrong 
parity character in 


OPERATION 


No such address 
No such access arm 

- 1405 power off 
1405 off line 


Access arm inoperative 


Access arm still in 
motion from previous 


operation 


1405 unit detects wrong 
parity character in 
address 


Read operation address 
does not compare with 
indelible address on 


disk 


Wrong length address 
Wrong length record 


Wrong length address 
1405 unit detects wrong 
parity character in 
address 

Read operation address 
does not compare with 
indelible address on 


disk 


address 
r NO TRANSFER 
an | 
ce Figure 97. Status Indicator Chart — 1405 Disk Storage 


w 
oO 


AND Logic 
—_— A,B, and C active = D active 


Latch Name 


} 


Latch 


A =Set - 
B =Reset 
C =On Output 


logical function 


Figure 98. Condensed Logic Symbols 
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& INDICATOR | | se READ SINGLE RECORD 
INTERROGATED SEEK DISK READ FULL TRACK WRITE DISK CHECK 


No such address 
No such access arm 
1405 power off 
1405 off line 


_Access arm inoperative 


Access arm still in 
motion from previous 
operation 


1405 unit detects wrong 
parity character in 
address 

Data in core storage 
does not compare with 
data in disk storage 
Write disk check address 
does not compare with 


indelible address on disk 


Wrong length address 
Wrong length record 


Wrong length address. 
1405 unit detects wrong 
parity character in 
address 

Write disk check address 
does not compare with 
indelible address on 


- - disk 


OR Logic 


Latch 


A or B =Set 
C or D =Reset 


E =On Output 
F =Off Output 


Note: Condensed Logic uses actual or abbreviated ALD line names 
Simplified Logic uses descriptive terms to aid understanding the 


- 


Aor Bor C Active =D Active 


WRITE SINGLE RECORD 
WRITE FULL TRACK 
WRITE ADDRESS 


No such address 
No such access arm 
1405 power off 
1405 off line 


Access arm inoperative 


Access arm still in 
motion from previous 
operation 


1405 unit detects wrong © 
parity character in 
address 


Write operation address 
does not compare with 
indelible address on disk 
(Except write address 

operation) 


Wrong length address 
Wrong length record 
(except write address 
operation) 


Wrong length address 
1405 unit detects wrong 
parity character in 
address 

Write operation address 
does not compare with 
indelible address on 
disk (Except write 
address operation) 

Disk write inhibit switch 
on | 


Trigger 
A =Set Gate 
B =Set Pulse 


C =Reset Gate 
D =Reset Pulse 

E =On Output 

F =Off Output 

G =Collector Pullover if Marked CPO 

G =DC Reset if Not Marked CPO 
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Vv | 14 


RI CPU CPU Transfer i 


CE Bit Switches 


Punch 
Decode 


Punch 
Matrix 


ard Reader Punch 


Not Punch Busy 


lock Not Reader Busy 
Reader Ready 

L 

10.01 


Vv | 15 ; Vv 


ppp }]) Nh WW 


No Print 
Code Detect 


Code Translate Data Register 


Noy Print Error 


Detect 


Parity Check 
Equal nen a 


Compare Counter 


Inhibit 


2 
iS | 


Printer Storage 


Chain Hammer (© 
Drum Drivers 
Pulses 


1403-2 Printer 


Sal Oates Punch Trans Reg 


Read Trans Req 


« Sah eie a 
<> 


52.10.09 


\ 


1415 Console Writer 


( Iniates CPU to I/O data transfer ). 


T ( Initiates 1/O to CPU data transfer ) 


ut 10 i Vv 12 2 


- eaememrenenmmoresn manmmenseremmaen 


in 


Vv 


Li. 


CE Bit Switches 


UX,LX,UY,LY. 
& BCD 


| 
13.71.05 | Disconnect Cal! 
| Punch 
13.71.05 | Erase Call Poe 
| 
E Ch 
Tape: Cail | 
L | (6 lines) 
13.71.04 Read Call 
13.71.05 | Write Call 
| Write TM Call 
Rewind Call 


Rewind Unload Call 
| Backspace Call 


Strobe (From Any 


: I-O Device) 
1402 Card Reader Punch 
020-030 Time Rdy 2 
Rdy 1 
040-050 Time 
Not Same Scan 5 be Not Pe 
End of Transfer 
y From I-O Device - 
E Ch Sel Unit 2 . 
Ext End of Tran (Print Buffer) - Read-In 
Rdy for CPU Transfer Read ts Interlock : Not R. 
(Initiates ee. T Reade: 
Termination of . : 
|-O Operation) | pve ting) BD 53.40.01 
Select Unit 4 Punch Feed 070-080 


1411 1414 


ALD 51.40.04 GO 


Correct Trans to Buffer 


13.70.04 


Ready for Print or Forms 
Select Unit 2 Powered 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Rdy to Buffer > 
| ae 
| 
| : o 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


M3 


SL HHH AAA Smmmiynanks 


——__ 
WE WCW G 


seats Write Dats 


= 


WY ISK a 
\ 

= \ Set E-2 Reg 
\ 


11s SESE 
ia 


= 


Ut 


Copy E-1 WM = C Bit 


Set E-2 Reg 


Copy E-1 BCD to E-2 Reg 


Set E-2 Word Sep (Emits a WS Character into E-2) 


15.60.21 


\ 


Aode 


15.62.04 


15.60.34 
E Ch Strobe 


T : 
15.62.03 
Strobe 


Use B Ch Nu 


| Use B Ch Zones 


15.49.05 
Set Asterisk 


1-O Check 
(Sets Data Check) 


No ais ee 414 2nd Chon nel Feature) 
Use A Ch Zones E Ch Sel Unit 2 4H 
Use A Ch Nu E Ch Unit Number 0 
15.49.03 
E Cycle 


Use No Zones 
Use No Numerics 


2H 
ag Output Field Cycle 
> 15.49.04 


Not E Ch Sel Unit 2 


Pergo Output Field Cycle *1414* 
Odd Parity Cycle A 
Use No WM 
15.49.01 B Ch Not Blank 
Use A Ch WM : 
15.49.02 E Ch Sel Unit 2 5I 
: E Ch Unit Number 1 Al B Ch Not WM Bit 
Use B Ch WM E Cycle 0) Output WM Cycle 
p *1414* 
15.49.04 F Ch Output WM Cycle *14 15.49.02 
B Ch WM Bit 
Grp Mk WM Insert 
49.05 B Ch Blank 
_Even Parity Cycle 
Output Cycle 


E Ch Select Unit B 


E-1 Reg Full 


Not E-2 Reg Full 


Write Gate 1. 
60.40.50 


CPU to aha 


—e a 


Tape Call 
L A 
13.71.04 


aa 


13.71.0 

Set E-2 Reg 

15.62.04 

4G 
La Use B Ch Nu 
15.49.05 Ee pds Mode E-Ch Rea 
@ E Cycle Any Last Gate 9) , 

e 13.70.0 


o) eth 


Ech Any 
Not Master Err 


Use B-Ch Zones 
15.49.05 


Use No Zones 
15.49.01 
nel 


Use No Numerics 
15.49.01 


4G Asse 
Nu 
15.49.06 


mbly Channel 
> One Insert 
| 
ail Channel 


. nsert 
es ee 15.49.06 


E Ch CLR 


4 


- | 5 Vv : 


3 Vv 


\ \\ 
. \ Input Mod DS \ Gate E Ch File to E-1 In \ \ 
\ _— \ | LEELA WAN SSS 


; (50 Synch to CPU IK d » 2 Set E-2 Reg 
Unit K Select + Input Mode ve SINT 


Ye 


Set Asterisk 


Se —_ | cues —— e e 
7 “x > ee. , et £-2 Word Sep (Emits « WS Character int 


> Set E~1 Reg 
15.62.0. 
E Cycle 
B Ch Not GM and WM 
Early Last Gate 1-O ; E Ch 


a ast Gate I- 
Not E Ch Ist Char 2nd Address 


F Cycle (This Input 
Not Used With 1414 2nd Channel Featui 


1 Ovip 
L 
13.60, 
ample B Delay 
E 
“Ag utput Mode 
3 
L 
15.62.01 Cycl 
. Cc bl 
06 
Indicator 


1411 B Channel A Channel AQ Qaoo0wn 
<) NYG 
[2 WWW’; WCE 
mites \N Gate E-2 Data Reg to A Ch 
A \ \ \ 15.39.08 
\ \ \ Input Mode . 
\ \ \ Not Control Reg Disable > 
\ Output N \ Input 
\ Use B Ch Nu 
> \N Use B Ch Zones Use A Ch Nu 
\ he aS wine . Use A Ch Zones 
se No Numerics Assembly 
\ RSS a 14. 50.01 Use A Ch WM 
\ "Use No WM Set Asterisk 
Assembly Channel Nu One Insert 
N Assembly Channel A Bit Insert 
\ . # Also Used for Input Operation 
\ Assembly Channel 
NY N 
N : RO Char "X" INN 
Gate Asm Ch to E-1 Input 
Load Memory 15.60.01 NN 
35.10.02 \ 
> 
B Ch Not Group Mk WM 5D 
3F 1401 Card Print in Process E Ch *) '’W’WK 
input Cycle Load Memory | _£ Ch 2 Char Only Op Code 5 elove Mode 
12.50.01 be 
4— Input be 62.02 
Zz Gyeleseaa Last Insn RO Cycle E Cycle > © 
13.60.05 
1-O End of Stg Stop Cirl 
Cc [=O Move Op Code Branch On Status Ch 1] =) 
te 4c 1-O Inlk Reset Condition AG 
1401 1-O Move Op E Ch Interlock 
TS a Unit Ctrl Op Code 15.62.02 
Last Insn RO Cycle E Ch 
Output Cycle Load Mode 
Regn Memory 
Input Cy Grp Mk WM Insert 12.50.02 > L 
L Op Code 15.62.02 E Cycle 
Not E Ch 2nd Addr Trf 
> B ChA Bit pauls cr Feteenttaich 1401 1-O Load Op eS @ : 
B Ch Not B Bit 1-O Percent Latch Ch_] Unovip ; 
L 5C Asterisk Ins Console Sw C 
13.50.01 E Ch No Status On > L Sa oo 
E Ch Status Sample A Delay 13.60.04 A Ch Valid 
Any M+LeU Op Code Status Sample B Dela 
| Cycle | a E Ch Stacker Select Op Code E Ch — 
| Ring 3 Time Dollar Sign + R Symbol Op Mod AF Input Mode 21S LL ns 
“Logic Gate E ond Clock Pulse Not Control Reg Disable 
B Ch Not WM Bit 
B Ch 8 Bit Percent or Coml At 15. eB 01 
B Ch 4 Bit Not E Ch Last Input Cyc! 
B Ch Not 2 Bit Not F Ch Last Input Cycl 
B Ch Not 1 Bit E Ch Reset ° ast Input Cyc 
Input Cycle 
1-O Coml Ch 1 Ovlip @ 
At Latch 
F) 
B Ch Not A Bit 1-O Coml At Latch 13.60.04 ) 
> B Ch Not B Bit 13.50.01 Status Sample B Delay 
| Op Time E Ch 
4e Output Mode (+) 
bogies erect ) (A) 2nd Clock Pulse = L | 
Program Reset W+X Symbol of Modifier 15.62.01 ECycle 
Not Ctrl Reg Disable 
E Ch Forms Control Op Code | 
E Ch Reset 


** Console Indicator 


Figure 99. I-O Data Flow Controls 
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Input Mode 
© E Cycle Last Input Cycle s 
oo Not E-1 Reg Full : | | | E Ch : 
Not E-2 Reg Full . Int End of Tran — . 
Logic Gate C or T 13.63.02 LG For W >. 3 Re 
a oe L 
~~ 7 LG Bor S 13.63.01 _¥ 
z | _E Ch Reset 
E Ch Sel Any Buff | 
_ 7 : ECh 
Buff End of Tran > : ‘ petal niel ae 
& . | t | 
~ E Ch in Proc 
‘ Not 1401 Mode _ 
Not E Ch Ready Bus 13.42.11 
~ First CP 
es E Ch Reset . 
E Cycle 
B Ch GM-WM | End of Record ; 
oo LG W | fo4 
| : 13.63.01 
| E Cycle 
B Ch GM-WM E.Ch Reset 
ies LG F 
- Not 1401 Card Print in Proc | eo eo tell : 1415 
. | | E Ch Strobe | | Indicator 
R Symbol OP Mod 
ee W Symbol OP Mod 
—_. E Ch Second Addr Tran . z 
E Ch WLR 
| Int EOT Del E Ch . 
(2) | Status Sample B . i L 
es > coe. | ( on | ~ 113,63.03 
| . LG Z a | First cp | | 55 
! E Ch Reset ~ 
os Not E Ch Second Sample B | First cp 
, Not E Ch Status Sample B 
_ | oe | | 
| Input Mode | . 
E Ch in Proc , 
E Cycle Requi 
Not Int End of Tran | classe ca atlscan Gl |) a a S L 
an Not E-1 Reg Full * Overlap Circuit | | 
: Not E-2 Reg Full _ ** Forces an E cycle to check 
| for a B-Channel GM-WM 
—_ | | | | | eee | (Bere 
| | ee. | 
Logic Gate PSC Eert ee ee ee | 
! | | | | | | | ; . 
, Ps | | 
a 2 7 | Last Input a l 
| End of | | | | | | | 
| val [: | | I | | Int End of Tran | 
y ae | | | | | | | | 5 
aa : ° 
| | — Ext End of Tran | | | | 
| | | Le] | | | | 
| | | | | End of Record | 
a | | | | ] | | ae 
Figure 100. Last Input Cycle 
a, 


Reference Section 151 


GST 


1301 End Addr Trf E Ch 
E-2 Reg Full 
E Ch 2nd Addr Trf 


E Ch Strobe Trigger 
Not E-1 Reg Full 
Not E-2 Reg Full 
2nd Clock Pulse 


E Ch Int End of Trf Dly 
E Ch Select Unit F 
E Ch Input Mode 


E Ch Output Mode 

E Ch Int End of Trf DI 

Not E Ch File Addr Transfer 
Not E-1 Reg Full 

Not E-2 Reg Full 

2nd Clock Pulse 


Master Error 


E Ch Reset 


? 


E Ch End of 2nd Addr Trf 


E Ch Select Unit T+» Output 
E Ch Select Unit T+ Input 


E Ch in Process 


Console Release or Cancel 


Console MX 32 Pos 


E Ch in Process 
Not E Ch Ready Bus 
Not 1401 Mode 


E Ch Select Any Buffer 
Buffer End of Transfer 


1405 End of Op * E Ch 
1301 End of Op * E Ch 


E Ch Select Unit F 
E Ch Select Tape Data 


Not Tape in Process 


E Ch Select Tape Data 
E Ch in Process 
Tape in Process 


E Ch Sel Tape Data 
Wr Cnd (from Tape) Disconnect Call 
| | Cycle 


st CP B Ch GM: WM 


: 
See Oe 


Not E-2 Reg Full 


| Logic Gate B or S 9 


MigriliOp. Codes File Op-D Cycle- Extension 25 13.65.06 


E Ch 


ope Smp A 


Percent or Coml At Percent or Coml At 


Not 1401 Mode 
Logic Gate E 


(15.71.05) | Ring 12 Time 


Not E Ch Select Unit F A (F2 
E Ch 2 Char Only Op Codes 


5 E Ch Disc Latch | Cvcle 
| Ring 2 Time 


Not 1401 Mode 


Logic Gate D a> | . 
: = secon i a3 Unit Ctrl Op Codes Logic Gate D 
: to 14 , 
3 iscon to Percenn on Comat > E Ch Ungated Smp A 
I Cycle 
eum | E Ch 
| Ring 7 Time B Ch WM Bit Status Smp 
E Ch i Logic Gate E A Delay 
vise E Cycle : 7h : 
y Gade File Op D Cycle- Extension F2 
B Si GM+WM Bacon Percent or Coml At 
Logic Gate W Logic Gate F 


Unit Ctrl Op Code 


L To WLR 
13.63.01 


E Ch Ext End of Trf 


E Ch Status Sample A eS Logic Gate Z E Status 
R Symbok Op Mod . Int End | Spl B 
W Symbol Op Mod of Trf DI 


E°Ch 2nd Addr Trf 
> Not 1401 Card Print in Proc 


a © 
13.65.05 


Not 2nd CP | 


Not E Ch in Proc 


Logic Gate F 


(13.42.11 
E Cycle 


Wrap Around Conditions 
Logic Gate F or W 
2nd Clock Pulse 


E Ch Reset Int End of 


Transfer 


L 
13.63.01 


E Ch End of 2nd Addr Trf 


cchree [OHA 


E Ch 2nd 


Not 2nd CP Y 


Program Reset 


Last Input 
Cycle E Ch 


L 
13.63.02 


E Cycle 
E Ch Input Mode 
Not E-1 Reg Full 


Logic Gate C or T 


Not Input Cycle 

F2 =MFI Code for Additions to FO and F1 
Required for 1405 on Channel One 

F3 =MFI Code for Additions to FO and F1 
Required for 1301 on Channel One 


Not 2nd CP 


Logic Gate F or w Not 2nd CP 


Sed 


VW 


E Ch Output Mode * CPO Collect Pullover 


E Ch Ext End of Transfer 
E-1 Reg Full 

E-2 Reg Full 

2nd Clock Pulse 


Ext End of 
Trf Ctrl 


Program Reset 


Ses ‘ 


os 
Console ee 
: Unit 1 Select to I-O 
Indicator Sel Unit 1 
jes Read from Buffer > 
: 51.41.01 
End of File 
~ L 
—_ 2.11.01 
Reader Rd 
- Reader Not Rdr Off Line Sey 4 
Ready Not Int Buffer (CE) Select Unit 2 
~~ Console Indicator L ror ct at (CE 0) 
/ t int 
| 52.11.01 ra ee 51.40.18 ot Int Buffer (CE) 
Not Punch Jam 
a Not Punch Stop > Buffer Ready 
Not Punch Off Line 
51.40.18 
_ Unit 4 Select to I-O Not Int Buffer (CE) BS > 
at . 
Select Unit 4 
Write to Buffer 
f ‘ Print Busy Stat 
Unit 2 Select to |-O Not Forms Stop Not Forms Ctr 4 i 
Not Stop Intlk Select cn aeeeTEG 2 
Not Controlled Form Int > Seance. 
pk Read Feed Not Carriage Intlk 
: L Not Chain Dela Scan Call > 42.02 
52.10.08 Not CE Mode 
1401 Read Select Unit | a> e) °) - Buffer Busy 
jr 
i L Select Unit 4 Carr Go ; 51.40.19 
52.10.08 Not Carr Stopped 
Print Busy 53.50.03 Forms Busy Status 
Punch Feed | > 
yoo 1401 Mode 
Punch Fd 
d a. : CCC Reg Char : Forms Busy Status to CPU 
52.10.) 52 ‘i 14]. Not (ai Mode > 
_— ——J Not CCC Reg Gate Forms Control 
a Figure 102. E-Channel Buffer Ready and Busy 
f 
1301 Ready E Ch 
ee sy mo : ) > E Ch Ready Bus 
elect Uni 
—_ Status Sample A Console Indicator 
Buffer Read > & 
E Ch Select Any Buffer > . 
E Ch Not 
pr® Tape Read : Read 
L 
E Ch Select Tape Data > ) ng o} 12.62.01 
E Ch Ready Bus *SIF 
pox E Ch Ready Bus *1412-19 Bene 
: ° eset 
f E Ch Select and Rewind E Ch 2nd Addr Trf 
E Ch Select Unit T E Ch Status Sample B 
1301 Busy E Ch 
, ia. 1405 Busy E Ch 
E Ch Select Unit F 
Buffer Busy 
E Ch Select Tape Data 
oom E Ch Select Any Buffer Percent or Coml AT 
/ . 1 Ring 5 , 
Tape Bus are Caee Console Indicator 
*. E Ch Select Tape Data > Not_1401 Mode Dy & 
; Sel gna owing *E Ch > _ECh2nd Addr Trf E-Ci Bus 
Not I Ring 5 e) “Status SampleB L 
- E Ch Select Unit T 12.62.02 
W + X Symbol Op Mod 
ps Not Cons Home Pos E Ch Ready Bus Ech Reset 
E Ch Busy *1412-19 E Ch Status Sample A 
a Figure 103. E-Channel Not Ready and Busy 
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vol 


b 


L* 
52.11.01 ie > Buffer Condition 


be 


* Latch is reset when the error indication is transferred to a channel status indicator 


Asterisk Ins Sw On 


Input Cycle » Not Last Input S 


A Ch Invalid 
Master Error 


1301 Error E Ch 
1405 Error E Ch 


F Ch Select Unit T 


1401 Mode 
RBC Error 1405 E Ch 


E Ch Select any Buffer 


» Buffer Error 


E Ch Select Tape Data 


> 


TAU Error 
L 


60.50.50 


n Check B i 


E Ch Check Bus, *1412-19 


1301 E Ch Cond 
1405 E Ch Cond 


E Ch Select Unit F 


Select and Tape Ind Ch 1 
E Ch Select Tape Data 


E Ch Select any Buffer 


E Ch Select Unit T Input 
Cons Inq Cancel Key * NC 
RBC Error 1405 E Ch 


E Ch Select Unit F 
Not 1401 Mode 


** Latch is reset when reader takes a card-feed cycle 


* 
Hole Count Error 
e Read Check 
Read Scan xb [** 
Invalid Card Code | 
Powered Clock Error 
Ring Error to Error Latch Error 2 
Parity 1 
Parity 2 . 
Punch Scan 4 
Punch Trans Request 52.12.01 
C Bit Check 
Not Dela 
Read in or Scan rt Select Unit 2 
Buffer Clock Error CS Trans and 
Print E 
Sync Check j sa onal 
Scan Print na 3.12.01 
Print Check > 
Select Unit 2 
Dela 
Not Delay Ctrl SS > End ‘of File 
Data Re Print Line Complete 
Scan 49 
. Inhibit Gating Pulse 
Print Ctrl ; 
; Error Time 090-100 Select Unit 1] 
1 
53.61.03 | Punch Feed Gate 
: Punch Check 1 Punch Check 2 
rae > iy 
Punch Reg Scan 52.12.02 52.12.02 
Hole Count Punch Reg Scan 
. Figure 104. E-Channel Check and Condition 


agar 
Boas dt 
yee at 
ae 
erie: 


15.49.06 


E Ch Select Unit T 
E Ch in Process 
Console Data Check 


I-O Check | ee 

F Cucle ndicator 

Error Sample & 
E Ch Check 


» 
12.62.04 


E Ch Read 
Not E Ch Bus 


rm A 
8 eo CT fr 


File Op 
E Ch Check Bus 


E Ch Status Sample B 


E Ch Reset 


E Ch Cond Latch * SIF 


Not E Ch Select any Buffer 
E Ch Status Sample B 


E Ch Cond Bus 
E Ch Ready Bus 
Not E Ch Busy Bus | 
Not E Ch Select Tape Data 
Not E Ch File Op 
E Ch Status Sample A 
Not 2 Ch Only Op Code 
Not E Ch Sel Unit T- Input 


E Ch Cond Bus 
1401 Print Error Sample 
Not 1401 Read Trig ger 


E Ch Reset 


__Set E Ch No Tran Lat *12-19 
Set E Ch No Tran Lat *SIF 
E Ch No Trf *7631 Inhibit 


@) E Ch File Set W.L. Addr 


File Op (Fl) 

E Ch Ready Bus (F8) 

No h B B g 

E Ch Check Bus (F1 

E Ch Status Sample A (F1) 


Buffer End of Transfer 
Reset CPU or GO 


_E Ch Select Unit T Input 

Not Cons Inquiry Request i E Ch Ready Bus 
Stacker Sel Op Code 
Not E Ch Sel Unit 1 


Multi-read Feed 
Stacker Select 


Not E Ch Busy Bus 


i (A) E Ch Status Sample A 


E Ch Ready Bus 
Not E Ch Busy Bus 
Buffer No Trans Cond 


E Ch Sel Any Buffer 


12.62.04 
E Ch File Set Check at A 


Not Stacker Select 


Multi-Read 
a Select Unit 1 


S Console 
: E Ch S Indicator 
. 51.40.12 


No Transfer 


a 
Select Unit 1 (A) 
E Ch Select Unit F Sel Unit 1 Not Stk Sel Op Code 13.72.04 
Not Ready 2 E Ch Status Sample B eS @ Status Sample B am a 
Multi-Read Feed Ist Data File Set E Ch No Tran B 
er ee L Strobe 
a 
: - E Ch Strobe Trig ger L Q + mbo|l On ore E Ch Reset 
52.10.08 Not E Ch Sel UnitFF 
Read Trans Request E Ch End of 13.72.04 E Ch Status Sample A 
E-2 Reg Full 2nd Addr Trf E Ch End of Record Latch 
E-Ch Strobe Trigger WLR Cond iB Not E-1 Reg Full 
Not E Ch End of Record e = Ch Reset Not E=2 Reg Full Se ae 
Not E Ch Strobe Trigger ChB oe 
Not (E Ch File e No Transfer Bus) E Ch Status Samole B E Ch es 
E-Ch Status Sample B C) E Ch Any Status On 
E Ch WLR Program Reset E Ch No Transfer Latch 13.72.05 


y — 
File Op 

E-Ch Ready Bus 13.63.03 (S) 

-Not E Ch Busy Bus 


File Set E Ch No Trans B 


F Chan Status Sample A E Ch Reset File Op D Cycle Ext 
E Ch Unit Num O 
Not B Ch GM-WM 1401 Mode 
Not File Ring 7 Latch F Logic Gate E 
| E Ch Any Status On E Ch CLR 
Not E Ch WLR 


E Ch Status Sample A Dela 
CB) E Ch 2 Char Only Op Code 


® 
13.63.03 
F or K E Ch Reset 
E Ch Reset Corr _. . a 


Rec Length 


E Ch Ungated Sample A 
Unit Control Op Code 


E Ch File Set W.L. Addr 


UOT{VG BUS IOJOY 


ScT 


File WLR Addr Cond 


Q + V Symbol Op Mod 
E Ch Check Bus 
E Ch Unit Num O 


Figure 105. E-Channel WLR and No Transfer 
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Not M Symbol Op Mod 


File Op (F2 
B Ch GM-WM (F2 


File Ring 7 Latch (Fl 
E Ch Status Sample A (F2) 


NZ AL SZ ILI LY 


Not E Ch Not Read 
Not E Ch Bus 


Not E Ch Condition 


Not E Ch No Transfer 
Not E Ch WLR 


Y1 = Priority Feature 

F8 = Additions to FO common to 1405 on either channel 

F2 = Additions to FO and FZ required for 1405 on channel one 
Fl = Additions required for 1405 or 1301 on channel one 


E Ch No Status On 
13.72.05 


12.62.03 
Data Check 
E Chan Sel Unit F . 
Check. Bus 
Busy 
E Chan Sel Unit F 
Busy Bus 
Ready 
E Chan Sel Unit F 
Ready Bus 
Condition 
E Chan Sel Unit F 
Condition Bus 
Figure 106. 1411-7631 Channel Status Lines 
E Channel 
Input Mode 
$ or R Op Mod 
15.62.01 Read 
E Channel Reset E Channel 
Input Mode 
Not File Address Xfer 
E Channel 
Load Mode 
L Op Code 
15.62.02 Load Mode 


Last Inst Read Out C 


E Channel Reset 


— Qor V Op Mod 
“% or @ : 13.72.02 Seek Test 
File O 


1411 


Figure 107. 1411-7631 Read Control 


156 


90.33 
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Data Fail (Wr Ch) 


Invalid Address 
FMT Code Error 


Access Not Read 


Not Avail (Mod III) 


7631 Pow Off 
Test Mode 


Access In-Op 


HAO Sw Check 


FF Cir Check 
FA Cir Check - 
Inv Seq 

Inv Op 

No Rec Found 
FMT Error 


49 .02 Read 


File Start 


Not Test Mode 
Not Control 


49.03 
Not Control 8 Bit Mode 
Not FMT Inst 
Reset Verify 
49.02 Commands 


Seek > i 

A D 10 Set Access Track Reg 
. Seek | 
Control End 
D.11 


7631 


E Chan Sel Unit F | Control 
15° E Channel, Unit F 13.50.07 FILE OP 
% or @ | 


Sel Num 4 


Reset Commands 


Sel Num 9 | 
Not Output Mode 
E Chan Sel Unit F > eae | eee 
E2 Full Gate File Start Set Op Tgrs 
13.72.01 FILE 49.02 
E Chan Sel Unit F | L START GATE 
| Clock Tgr 
_ | Control 
Master Error 
Not E in Proc 
File Start 
Ist Data Strobe 
Not Test Mode 
E Channel 
W or X Op Mod Output Mode Not Control 
15.62.01 WRITE 
E Channel Reset E Chan 
Output Mode 
File Address Trf — 
Figure 108. 1411-7631 Write Control 
13.72.03 WRITE 
6 Chan INHIBIT 
Output Mode No Transfer WR Inhibit 
+5 N Cc 
SW 
-S 
Not 2nd Adr Trf T 
E Chan Reset 
15.60.04 10.01 
READ BUS 
I/O Reg (Mod II) 
Input Mode Ser Reg (Mod I, V) 
E Chan Set Unit F Gate Read Data 
10.01 
WRITE BUS I/O Reg (Mod III) 
Ser Reg (Mod 1,V) 
Gate Write Data 
OP CODE _. 49.04 
BUS : 


Op Decoder 


Set Op Tgrs 


Figure 109. 1411-7631 Read and Write Busses 
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13.42.11 50.11 


END OP 


E Channel 


E Channel Sel Unit F Ext End Trf Unusual End 


159625032 reenenes 20 


Request Cycle 
Not Degate Strobe 

Not Suppress Strobe 
Not Test Mode 


~ £ Channel Sel Unit F > 


Input Mode 


T 
Set E] 
Output Mode 9) 


Reset E2 Full 


19.10.08 SEEK 40.18 
COMPLETE 


| Op, | Cycle Mod 0-9 Attn 
E Chan in Proc 2nd Condition A Branch 
S Op Mode 

Interrupt Test Op Code 


Not Block Interrupt (PSC) 


Figure 110. 1411-7631 Channel Strobe 


E Channel - 
Master Error Disconnect | | Stop & Disc 
9 13-42... DISCONNECT 

E Chan Int End of Trf Delayed 
E Chan Output Mode 3 > 

: Degate Data Strobe 
Not El Full E Chan Reset Gate Write Data 
Not E2 Full | 
Not File Adr Trf 
Computer Reset . 12.65.03 _ SYSTEM RESET 49.03 Inst Setup Reset 

\——— a 
Gnrl Reset 
13.42.11 END 70.13 
ADDRESS TRF 


End Adr Trf End 2nd Adr Trf 
Control 
E Chan Reset | — E Chan Reset 


Status Sample ADelay _ | : 
No Status Indicators © E Chan 2nd Adr Trf 
E Chan Sel Unit F 


Figure 111. 1411-7631 Channel Disconnect 
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Pais 


gr oe TS 


E Ch CLR Punch Feed 
Not E Ch Check . 1411] 1414 Select Unit 4 


E Ch 2nd Sample B | 


(Initiates Punch Op) 


“E Ch Seb Any Buffer D; Correct Trans to Buffer ALD 51.40.04 


13.70.04 


Ready for Print of Forms 
Select Unit 2 Powered 


| 
| 
1401 Mode , 
E Ch Status Sample B | 
| 53.40.01 
E Ch Select Any Buffer 
| 


E Ch Check Bus aa ALD 12.62.03 Buffer Error ALD 51.40.21 
| 
E Ch Condition B | . 
Ch Condition Bus 4 ALD 12.62.03 Buffer Condition ALD 51.40.20 
I Buffer No Trans Cond ALD 51.40.12 


: ALD 13.72.04 


See Figure 43 for Select Unit 1 


No Transfer Logic Not Stacker Select > 
@ Multi-Read 


(to E Ch No Transfer Latch 


. (No Name) End of File 
Reset CPU or GO 1 c 
End of Transfer 2 
* At the end of E phase of a move or load command, one of two signals is sent 
to the 1414 I-O Syne: Select Unit 1] 51,40.12 52.11.01 


**The Read Check Latch (reader error) is turned off by a 1402 Reader CB impulse 


-and is not shown here (See Figure 99) Read Feed (trigger) 


Read Trans Req 


E Ch Select Any Buffer Not Ready 2 


E Ch Condition Select Unit 2 Powered 


E Ch Status Sample A Dela 
E Ch No Transfer Latch | > ) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
1. Correct Trans to Buffer (initiates operation of |-O Unit) | 
2. Reset Select Buffer Latches (acknowledges an unusual condition and | i : 
resets the indicator in the 1414 !-O Sync) | Reset CPU Select Unit 1 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


* Reset Select Reset CPU° 
E Ch Select Any Buffer Se : 
o _ Buffer Latches 13.70.04 | ALD 51.40.06 Punch Tek Cheek Punch Check 2 
oe E Ch Second Sample B | 
a | | 
m= 2 
© | | | 
8 E Ch Check . | 
<< E Ch WLR , > | Select Unit 4 
+ Not E Ch Bus | i 
© 
5 
** Read Check 
pot 
on 
We) 


Figure 112. 1411-1414 Error Resets 


Not Emitter A 1442-3 Strobe 


L 
Ready 26.17.01 > 


Sel Unit 1 
Emitter B 


E-Ch Select Unit T 


a ee Strobe Console Strobe 


Time 020-030 > 51.40.48 ] | poo select tape Data 


Not Trans Scan E-Ch Output Mode 
Tape Write Strobe 

H> 2 Buffer Strobe 

7 - _E=Ch Select Any Buffer 


E-Ch Select Tape Data 


CPU To I-O Trans 


Time 100 - 000 
I-O To CPU Trans 


Time 080 - 090 
E-Ch Input Mode 


CPU To I-O Trans Tape Read Strobe 


Select Unit 4 | 
Not 1401 Mode E-Ch Select Unit F 


Time 100 - 000 


Nh ltl de il 


File Strobe 


1401 Card Print in Proc r 


X Symbol Op Mod 


Not E=-Ch 2nd Ade 
E-Ch Output Mode 
E Cycle 


Early Last Gate I-O 


* Provides an "extra" strobe to cause the first data character 
to transfer from E-1 into E-2, replacing the stacker select 
character. 


E-Ch 2 Char Only Op Codes 
A-Ch Not WM Bit 


| Cycle 
Logic Gate Early B Or S 


M Or L Op Codes 


E-Ch Select Unit 1 Or 4 
Percent Or Coml At 


| Cycle 

| Ring 5 Time 

Logic Gate Early B Or S 
File Op D Cy No Scan 


Units or Body Latch 


3 E-Ch Select Unit 1 
Percent Or Coml At | Percent Or Coml. At 
Early Last Gate |-O | Ring 6 Time 
Logic Gate Early B Or $ 


File Op D Cy No Scan 
Percent Or Coml At 


Logic Gate Early F 
M or L Op Codes 


eG ee ee 


| Cycle 

E-Ch 2 Char Op Codes 
A=-Ch Not WM Bit 
Logic.Gate Early B or S 


Figure 113. E-Channel Strobe 
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PeChagael Channel Input from Assembly Channel or I/O Devices 
ibe Liddy 
Strobe (from |-O Device) . E-Channe Y 
T Clocked Strobe On Y 
- and CP bee OR 
Set E-1 Reg —— ZY 
_ Input Mode i 15.62.03 Y 
cf Z 
Z 
Reset @ Y 
& eae Full batch (Pulls Trigger Off) Y 
@ S i (Pulls Trigger Off) Z 
a Output Mode Z 
Y 
G 
Set E- “A Z 
: ry] Set Ect Reg ‘ LA “YI 
= , ote ZY 
hePgiNCP el & Yj 
oN oe a m E-1 Reg Full Y 
£ Z 
Clocked Strobe 2nd CP Z 
ax Not E-1 Reg Full | 
Input Mode E-Ch Wd Sep Mode 
E-Ch Wd Sep 
<2) | : a 
a, E-1 Input WM Bit aN 
Output Mode ZW 
| E Cycle Li 
. ech Nore Moe The Three Copy Control 
a. Early Last Gate l-O | : ‘Not E-Ch Wd Sep iene Ape Noe Shaw 
Not E-Ch 1st Char Not E=1 Input WM Bit 1. Copy E-1 BCD to E-2 Reg 
2nd Address 2. Copy E-1 WM C Bit 
3. Copy Invert E-] WM C 
. Bit 15.62.06 
fo. Set E-2 Reg 
( = 
a ‘ 
. E-2 Reg Full 
| , ee — 
| " —# 
o~ E-1 Reg Full goals RAG Z 
. Y 
Not E-2 Reg Full ie Y 
G : aa pac S arate Channel Z 
, ; t 
: E Cc cle Mode , 1 = O Output to WM. 
pos L Ist CP A-Channel or 
Input Cycle Not Last Input | I-O Devices 
Input Cycle Load @ 
Early Last Gate I-O AO} ) ilies REED 
a E-2 Reg Full 
&) Clocked Strobe 
Output Mode 
Set E-2 A E-2 Reg 
i Reg Delayed PY oat : Wd Sep 
= Pa On : — 
E=1 Reg Wa Sep » L 
: ; E-Ch Wd Sep Mode ; 15 A] J ] 
a, Ist CP ~ Lis Reset E-2 Full Latch 
E-Ch Input Mode . 
ee ee pet. ep rt we le a a 
| * Collector Pullover | (8) Set E-1 Reg 
—-_ in E-Channel Reset E-Ch Output Mode 
Mk oy ee ee ED Be, ta ee A. 
~~ Note: For Console Input Operation "Gate Console to Assembly" forces the "Set El Reg" 
/ : and "Set E2 Reg" lines because no clock pulses are available to turn on the triggers. 
Figure 114. Channel Register Operation 
ae 
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E-Ch Input Mode 

E-Ch in Proc 

E-2 Reg Full 

Not Int End of Tran 

Not E Cycle * Any Last Gate 
12.12.62 


Input ~ With or Without Process Overlap 


E Cycle Required 


E-Ch Input Mode 


E-Ch in Proc 
E-~1 Reg Full 
Not Int End of Tran 


E Ch Ready B 


12.12.63 
Input - With Process Overlap 


L1 is MFI designation for overlap on channel one 


12.12.62 
Output - With or Without Process Overlap 


E-Ch Output Mode 


-E-Ch Ready A 


12.12.63 
Output - With Process Overlap . 


E-Ch Input Mode 
E-Ch in Process 
E~Ch Ext End of Tran 
Not E-1 Reg Full 
Not E-2 Reg Full 
Not E-Ch Int End of Tran 


E-Ch Ready C 


12.12.63 


* Forces an extra E cycle to check for a GM ~ WM at end of 
input field in core storage 


Figure 115. E-Cycle Required 
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fs 
E Cycle Required 
~ Not F Cycle Required 
-_ Not E Ch Int End of Tran 


LG Z 


| fe Sn shee el E Cycle Ctrl | | 
| | 0) = | 
-_— | 19. 19:66 | : eS 


E Cycle Required LG Dor U 


E Cycle 
fs Not E Cycle E 
Db L 
> 12.12.66 
LG Bor S. 
a | (E Cycle has priority over F Cycle unless previous cycle was an E Cycle) 


L1 = MFI code for overlap on channel one. 


L2 = MFI code for overlap on channel two 
7 a F Cycle Required 
: Not E Cycle Required L2 


Not F Ch Int End of Tran 


| LG Z Be ees ene | : | | 
oo F Cycle Ctrl. F 
{12.12.67 | 
Ta eee & 


F Cycle Required LG Dor U 
| E Cycle F Cycle 
{ : : L 
/ a ? 12.12.67 
| 7 LG Bor S 
| fe = Figure 116. E- and F-Cycle Control 


wer Ls EF er iL 
—_ “\ ‘ i 
y adcel LILI LIU UL 


LGA oo ae 
a LG B | | | 
| LGC 
: EGE 
7 LGF OL 
a 
| . LG G_| | 
stop at @VII/T/T 1111117111 7171°(111'77'7 
fo . 
. Last LG | L 


. | iez fF LL 
a Compute Disable Cycle VITITITTLITITTTTTTTTTTT 77 
E or F Cycle Req (Unovlp) ne ree | aes 


Figure 117. Compute Disable Cycle 
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E Ch Unovlp in Process (# 3D) 
| : # ALD Block Coordinates | | 
E Cycle Required (# 3F) | frm 
Forms-Stacker Go (# 3B) 
E Ch Tape Call (# 3B) eae 
Unit Control Inst RO Dela (# 3E) 
Compute Disable Cycle * 1412-19 
1401 Card Print in Process (# 3C) F Cycle Logic (Not Shown) is 
Similar to E Cycle Logic 2 
1401 Unit Control Delay (# 2G) 
See 13.64.07 ate. 
1401 M+L Tape Dela | (# 2G) 


E Ch Input Mode 
E-1 Reg Full 


E Ch Ovlp in Process 
Not E-2 Reg Full 
E Ch Output Mode 


E Ch in Process 
| Ring 5 Time 
Branch on Status Ch ] 


Wn Ys V7 


M or L Op Codes 


I-O Percent or Lozenge 


| Ring 10 Time 


No 
> 
i 


Comp Disable Cycle 
12.12.60 
F Ch in Process 


E Ch in Process 


Q+V Op Mod 
E Ch Addr Trf *2nd 


ae 
ae 


Stop Latch 


E Ch in Process 


F Ch in Process 


E Ch Forms Ctrl Op Code 
Forms + 1403 Print Buff Busy 


Zn Lan 7s 


| Ring 3 Time 


1401 Mode 
File Op 
Not E Ch Digit Adv 


E Ch Busy Bus 

1401 Mode ~ 

Percent Type Op Codes —— 

E Ch Select Tape Data 

| Ring 5 Time ‘ 
Figure 118. Compute Disable | 
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a 
os 


a 
. 
Clock 
~~ , Osc Pulse 
| Tree on Se Oe en Se ae 
TRIN fuibibeeLT 
No E or F 
co Cy Req (Unovlp) 
. Unoverlap | Hold A "Off" 
. Compute Disable Cy 
~*~ EorF Cy Req _ 12.12.60 | | 
-_ E or F Cy Reg 
| Hold R "Off" 
Overlap 11.10.20 
or (0 
. Last Logic Gate Control 
a Logic Gate Z " Logic Gate A Stop At : 
Logic Ring On Advance j 
Not Logic Gate Z BS . 
—_ Logic Ring Off Advance K 
Program Reset 
= *CPO. 
= 
/ ~ E Cycle Required 
y E Ch Unovip in Process > 
“4 F Cycle Required 6) Gi 
F Ch Unovlp in Process > (make the OR circuit to. 
‘ | i 
ee Not Comp Disable Cycle rprecee-trigge!) 
Logic Gate A 
Logic Gate A*R Check 
fr * Logic Gate R : . 
(causes an instruction check) 
aN Logic Gate Z a Logic Gate R 
fi 
7 Logic Ring On Advance | 
Not Logic Gate Z_ bs 
ro Logic Ring Off Advance 
P Reset 
E Cycle Required U1 bi a AA 
ee | *CPO 
3 E Ch Ovlp in Process a> LI 5 | . 
a F Cycle Required L2 c) 
. . (make the OR circuit to . | 
—_ . F Ch Ovlp in Process D release the trigger) 
tf 
fo *CPO -- Collector Pullover Circuit Holds Trigger Off 
L1 =MFI code for overlap on channel one 
L2 =MFI code for overlap on channel two 
a : Figure 119. Logic Ring Control 
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1-O*Percent Latch 
E Ch Any Status On 


Last Insn RO Cycle by . | a 
File Op D Cycle Ext | | — Coml At or Asterisk [> 13.65.07 | | . 

F Ch Any Status On | > | Last Execute Cycle *I-O . si a 

I-O Lozenge Latch Last Execute Cycle *I-O 

2 Char Only: Op Cada: Next to and Last Logic Gate “a 
Not 1401 Mode 

Last Insn RO Cycle ; 


Program Reset _- | 


Process Routine 


°) , k — 


Logic Gate Z 
1-O Last Ex Cycle 


> | | Cycle Crrl 


LG D- 

F Ch Unovlp in Process 12 | _Cons Reset Start Cond o) 

F Ch Status Sample B > etre 

E Ch Unovlp in Process Ey oils 

Not 1401 Card or Print Op Cde L 

E Ch Status Sample B 13.65.07 

1401 1-O End 70 | ae 

Not 1401 Branch Latch > = 

Logic Gate B | 

L1 =MFI code for overlap on channel one 

L2 =MFI code for overlap on channel two ee 
ZO=MFI code for 1401 compatibility . - . ‘a ; 
Figure 120. I-O Last Execute 
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